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PREFACE 


This book has been a long time in the making. A preliminary 
version of it has been used m my classes in agriculture, botany, 
forestry, geography, and other sciences. During these “apprentice- 
ship” years, each chapter has undergone several revisions in organi- 
zation and subject material, as prompted by experience and by 
changing emphasis in range research and practical management. 

The book is in no way a revision or condensation of my earlier 
ones: Range and Pastvre Manageinentf published in 1923; Native 
Avierican Forage Plants, 1924; and Livestock Htisbaiidry on Range 
and Pasture, 1928, works that have largely “had their day ” 

The states west of the 100th meridian have always been and will 
continue to be primarily dependent on the range for their agricul- 
tural wealth. Proper use and conservation (but not nonuse) of the 
range resource is a basic necessity to the West and the nation, a fact 
that unfortunately is realized by far too few. 

The West is not receiving maximum returns from the range- 
livestock industry. The past centur>^ has witnessed severe competi- 
tion for feed, with complete disregard for the welfare of the cover 
and the soil, the lands having been left in a severely punished condi- 
tion; but many leaders have awakened to the responsibility of putting 
this resource in order. This interest is further indicated by the or- 
ganization in 1947 of the American SocietA’’ of Range Management. 
Its membership, already in excess of 2000, is essentially professional 
range managers and enterprising stockmen. It has been my privilege 
and deep satisfaction since 1907 to contribute in a small way to the 
range-research program and to observe how research knowledge is 
being made the vital foundation of improved range-management 
practices. To continue this vital advancement we must have a pro- 
gressively better trained research personnel. To this end I have 
earnestly endeavored to incorporate in this volume all the more im- 
portant range-research advancements. 

This book— more than others before— aims to balance considerations 
on the care and management of range lands and its grazing animals 
with the sciences upon which sound practices must be based. For 
this reason the work should be as useful to stockmen and public range 
administrators as to students of technical range management. This 
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balance of subject matter led to the title Range MaJiagejncfit, I'rnici 
pies and Practices 

The aim has been to treat the text niaicnil coniprehcnsncK enough 
to scr\e, a\hcrc so desired, as a complete sxork for a course m range 
management But collateral readings of selected current Federal and 
state publications arc recommended to broaden the student’s knowl- 
edge of the field as a whole Sonic of the more pertinent references 
presented in the bibhograph} at the end of each chapter maj be used 
as a guide to additional background readings 

For comcniencc in organiTation, the subject matter is presented 
under four subduisions 

Part 1, “Range Management in Pcrspcctue,' defines range manage- 
ment, compares this subject with related fields, and evaluates the 
end products of the range, it reviews world gracing practices and 
problems, it discusses the application of phvsiolngv and ecologv to 
range problems, and it considers the ph>5ical and vegetal characteris- 
tics of United States grazing lands as well as their histoncil develop 
ment as grazing commons 

Part 2, “Native Range Forage Plants,’ points out \vh\ the live- 
stock food plants arc basic to range In estock production, and it 
illustrates, describes, and discusses a large number of the more im- 
portant native western range forage grasses, grasshke plants, forbs, 
and browse vegetation Whereas the forage species discussed are 
those of special importance for students of all areas, the range in 
structor would be expected to include the more economical!) useful 
plants of his particular region 

Part 3, ‘ Improvement and Management of Range and Stock,’ con- 
siders artificial and natural reseeding, control of noxious wood) 
vegetation, and those management practices that are common to all 
range bvestock, such as their water requirements, water develop- 
ment, supplemental range feeding and range sanitation This is fol- 
lowed b) specific discussion of the husbandr) and management of 
cattle, sheep, and goats on the range, including cattle grazing in the 
southeastern states Due consideration is given to range condition, 
forage utilization, and range surve)s as well as to the economic, 
ph) sical, and social aspects of ranching 
Part 4 Protection of Range Resources and Range Ln estock,” 
points out wa)s of avoiding senous damage by livestock to timber 
reproduction, it recommends the use of shade trees and shelterbelts 
for the comfort and protection of livestock, it describes ard pictures 
jn color plates the more troublesome poisonous range plants, and it 
tells how to prevent livestock losses Due consideration is also given 
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to the foraging and predator)^ ildhfe of tlic range, soil erosion and 
Its control, and to the administration of gracing on public lands, in- 
cluding highlights of the grazing administration controversy benvccn 
a few articulate stockmen and the United States Forest Sen ice. 

I \\ish to express niy indebtedness to my colleagues ulio have read 
critically one or more chapters that deal xvith topics of their special 
fields Thanks arc cspcciall) due to Messrs Hudson G. Reynolds 
and Ned A Smith for their constructive reading of several ciiaptcrs 
Without this cooperation the work could not have served its fullest 
purpose 

It IS also a pleasure to acknowledge the courtesies of individuals 
who through their organizations or personal collections havx con- 
tributed illustrations Photographs not taken bv m>self have been 
properly credited in the text With few exceptions the line drawings 
are the work of Miss Aida B. Montier, whose cooperation is likewise 
much appreciated. 

It IS probably unavoidable that some errors hav'e occurred in the 
bibliographic references or numerical facts presented I would greatly 
appreciate having such oversights called to my attention so that they 
may be corrected as expeditiously as possible 


Berkeleyy Cahf, 
Jarnictry 19SI 


Arthur W Sampson 



CONTENTS 

PART 1 RANGE MANAGEMENT IN PERSPECTIVE 


CHAPTER 

1 Concepts on Range Management and on Products of the Range 

Range-Land Concepts, 4, End Products of Range Forage, 8, Imports 
and Elxports of Meat, 10, Per Capita Meat Consumption, 12, Meat as 
Food, 12 

2 The World’s Grazing Practices and Problems 

Continental Considerations, 15, Raoos of Luestock Numbers and Human 
Populations, 35, Climate and Livestock Dismbution 36 

3 Physiological Principles as Applied to Range Problems 

Plant Physiology in Range Research, 40 Roots and Root Systems as 
They Affect Range Problems, 41, Morphology of Stems m Relation to 
Grazing, 43, Physiolog> of Leaves and Maintenance of Forage Crop, 
44, Ph>siology of Plant Survi\al 45, Seeds and Plant Propagation, 47, 
Grazing in Relation to Organic Food Reserves 48, Seasonal Changes m 
Nutritional Values of Forage, 52, The Role of Hormones and Vitamins, 
55, Applicauon of Vitamin Studies to Range Management, 59 

4 Plant Ecology as Applied to Range Problems 

Plant Ecology in Range Research, 62, The Plant Community, 63, Life 
Forms, 64, Plant Succession 66, Stages of Succession, 67, Successional 
Behavior on Denuded Range Areas 71, Other Successional Grassland 
Trends, 71, Range Indicators, 73, Field Plots for Study of Range Vegeta- 
tion, 74, Field Sampling Problems, 84, Environmental Influences 85 

5 Physical and \^egetal Characteristics of United States Gr.\zing 

Lands 

Physical Considerations, 92, Vegetal Considerations, 99 

6 Historical Deveixipment of Grazing is America 

Genesis of Livestock in Amenca, 112, Early Handicaps, Expansion, and 
Adjustments of Range Industry, 115, History of Acquisition and Ad 
ministration of Public Lands, 118 

PART 2 NATIVE RANGE FORAGE PLANTS 

7 FoRArr Plavts as a Basis or Range PRODtenov 

Forage Comnbutions of the Different Plant Divisions, 127, Evaluation 
of Forage Species IJO, Importance of Grasses, 131, Characteristics of 



(OMIMS 


CJUPTtR 

Grasses. 131, Outiint of the More Impomnt Grass I nbes. 134, Some 
Siipycstmns in ilic Snub of Grasses. I3R 

8 Dimlsmos or IiiRfi Ikiris oi- Rasct Grasses 

Oat Tribe (Ascncacj, 142, {brlc> TnJic (I Jordeae), 14A, I csciic Tnbe 
(fcsuiceic), 15J 

9 OniFR Natist Rantt Graws, Asr» GRsssuKt I drs< I Plants 

Grarna Tribe (OilonJcac), 168, Mesquite (/ojsicac), 172, 

Timothj Tribe (Avrostidcae), I7J, Sorpbuni Tribe {Androjio^oneac), 
183, Millet Tribe (Paniceie), 185, Oimparame I orage \'ahic of Tribes, 
1R7, Tlsc Gcasslibe Plants, 187, Species of Grassbke Plants, IRR 



CONTENTS 


Mil 


CHAPTER 

H Management Considerations Common to Ranges and Range Lu-lstock 30 S 
Selection of Livestock According to Range Characteristics, 305, Range 
Watering Places and Water Development, 309, Supplemental Range 
Feeding for More Profitable Livestock Production, 319, Range Sanita- 
tion, 328 

15 Management of Cattie, Sheep, and Goats on the Range . . 351 

Range Cattle Husbandr), 331, Marketing Cattle, 347, Range-Sheep Hus- 
bandr>, 348, Range Goat Husbandrj, 353 

16 Range Condition and Trend as Guides to Better Management 359 

Range Condition and Trend Defined, 359, Histor> of Decline of the 
Western Range, 361, Development of Range Condition Concept, 362, 
Reasons for Decline m Range Condition, 365, Classification of Range 
Condition, 366, iMcthods of Rating Range Condition, 369, Improved 
Alanagcment, the kej to Bctrcr Range Condition, 375 

17 Range Utiuzation 379 

Standards of Range Use, 379, Forage Preference and Proper-Use Factor, 

385, Determination of Range Use, 385, Key Areas and Ke> Species, 392, 
Choice of Utilization Method, 393, Problems of Seasonal Utilization 
Adjustments. 393 

18 Rancl Inventories and Management Planning 399 

Classification of Forage T>-pes, 399, Techmques of Vegetation Anal>sis, 

401, Field Mapping and Note-Taking, 406, Computauon of Inventor> 

Data, 411, The Grazing or Range Management Plan, 413, Range 
Herbarium, 416 

19 Some Economic, Phvsical, and Social Aspects or Ranching 422 

Classification of Range Lands, 422, General Considerations in Choosing 

a Ranch, 425, Economic Considerations m Choosing a Ranch, 426, 
Summar) , 433 

PART 4 PROTECTION Of LAND RESOURCES AND 
RANGE LIVESTOCK 

20 Proifction oi Timiur Riproduction and Use or Shade Trees and 

SntITERBEITS 439 

Protection of limber Reproduction from Gra/mg Injur>, 439, Conclu- 
sions of Studies, 448, Shade Trees and Sheltcrbclts on Stock Ranch and 
Fann, •149 

2! Stock-Poim>ning Rasgi Pi_ants. Tiiuk Ueox-nition and Control 4S8 

Controlling I osscs from Poisonous Plants, 458, 1 he Riochemistrj and 
Ph>siolog> of Plant Poisoning, 460, Ph> siolugical Reactions of Plant 



CONI E VIS 


ai^HTCR 

Poisons, 464, Treatment for Plant Poisoning, 465, llic Primary Poisonous 
Species, 466, Tlic Sccondar> Poisonous Species, 481 

22 For.sci\c Avu PurjJSTURY WiLMiFE OF Tiir Rasci. 484 

Big Game Mammals, 484, Effects of Rodents and Rabbits on Range Re- 
source. 489, Effects of Insertcbrates on Ranee Resource, 494, Mammals 
that Pre> Upon Lisestock, 495, 1 acts Pertinent to Control of Predators, 

498, Measuring Wildlife Populations, 498, Mildlifc and Range-Manage- 
ment Relations, a Summary, SOI, ! uture Guidance in Solution of Wild- 
life Management 503 

23 Son Frosios avd Its Control 509 

Geologic IT Accelerated l_«Kn»n. 509, Patterns of Soil Frosion, 5J0, 
Erosion b> Water, and Influencing Factors 513, Erosion by ind, and 
Influencing Factors, 520, Erosion and Grazing Capacit>, 521, 1 rosion 
Control on Pasture Lands, 522, Cardinal Points of Range Management 

in Erosion Control 525 

24 AoMiMsnwTiON of Pcbuc G««inc Lands 529 

National Forest Adminmrauon, 529, Administration of the Bureau of 
Land Management. 536. Indun Lands and Their Admmistraaon, 539, 

Sod Consenatjon Semcc, 541, State and Count) Grazing Lands, 543, 
Conflicts in Grazing Use of Public Lands, 544, Reorganization of Fed- 
eral Land Agenaes, 547, Summar), 548 



PART 1 

RANGE MANAGEMENT 
IN PERSPECTIVE 



Chapter 1 


CONCEPTS ON RANGE MANAGEMENT 
AND ON PRODUCTS OF THE RANGE 


Sound range management plays an important part m insuring the 
never ending chain of human needs The soil is the basic resource, 
producing forage that is converted by animals into products for human 
consumption About one-third of all evpenditures for food and cloth- 
ing is for animal products— meat and milk, fats, leather, and wool (12) ^ 
The mam links of this chain of human needs are soil development and 
maintenance, continuous producaon of desirable forage, and grazing b\ 
domestic animals and wildlife The chain is disrupted \\ hen the topsoil 
IS eroded away, as by unwise grazing practices 
Livestock production dates from primitive times Grazing animals, 
m the beginning, subsisted entirely upon the native vegetation, supply- 
ing man with food, clothing, and power, later they provided other 
commodities of exchange for needed articles As population increased, 
more animals were produced In many localities they became so 
numerous as to jeopardize forage growth and other uses of the land 
It soon became evident that careful husbandry of pasture lands was 
imperative if continuous economic livestock production was to be 
enjoyed 

Although soil conservation and improved pasture management are 
gaming in popularity, grazing practices are too often at a primitive 
level, especially m the extensive nomadic grazing areas of the Old 
World (4) Since nomadic grazing is associated with isolation, lack of 
formal markets, sparse vegetation, limitless free range, infenor animals, 
inadequate water, and almost continuous moving of the stock, manage- 
ment of the forage crop receives no consideration (S) Modem com 
mercial grazing, on the other hand, is associated w ith inv estment m land, 
improvement at ranch or farm headquarters, scientific breeding of live- 
stock, sustained vield grazing, and maximum production of quahrv 
animals These competitiv e conditions demand application of approv ed 
grazing practices 

^ Italic numbers m parentheses refer to literature cited at end of chapter 
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Range-Land Concepts 

The following discourse defines, describes, and delimits the field that 
the subject of efficient production and consumption of range forage 
encompasses It also cosers the conversion of forage into the end 
commodities of meat and other animal products 

RvNGt, PlSTtRF, PASTt-RACF, RvNGF MANAOFMtNT, AND 

Grazing Manw.fmfnt Dffimd 

For clear understanding of later considerations it is essential at the 
outset to define and delimit certain terms 
Range This refers to large, naturallv vegetated, mostlv unfenced 
lands of low -rainfall areas that arc grazed hv domestic livestock and 
game mammals In the United States the range lands occupv the 
greater part of the western half of the continent, and the 17 states in- 
cluded therein are spoken of as “the western range states” Approxi- 
matelv 30 percent of the grazing capacitv m 1 1 of these states is on land 
in public ownership The western range region is gcncrall) too dr>, 
rough, elevated, or otherwise unsuitable for farming 
Some natural grazing areas m the southeastern states arc likewise 
referred to as range On all these vv ild lands )i\ cstock and game animals 
consume practicaUv all the palauble vegetation that is accessible Few 
of these lands grow domesticated or otherwise improved forage crops, 
and soil fertilization is seldom attempted 
Pasture The improved, irrigated grazing lands m the West and 
those vw the Midw est awd Cast that receive ahwndant rainfall and that arc 
gcncrallv fertilized and seeded to domesticated forage plants are 
ordinaril) fenced These areas are called pastures to distinguish them 
from open, natural range lands “Pasture,” though more stnctlv 
referring to small, fenced grazing grounds, applies to all areas upon 
which livestock are grazed In this book “range” and “pasture” are 
used sv non> mouslv 

Pasturage. This is a collective term svnon>mous with “forage” 
It includes all v cgctation— grasses and grasslike plants, forbs,* and the 
fruits and tw igs of trees and shrubs— upon w hich grazing animals sub- 
sist Palatable vi oodv v cgctation is called “brow se,” and feed consisting 
of hemes, acorns, and other nuts that fall to the ground is termed 
“mast ” The term ‘ herbage,” as used m range management, includes 
all vegetation without reference to its palatabilit> 

Range Management The term “range (or pasture) management” 
IS sometimes so narrow Ij defined as merelj to implj conservative 
sporbs are nongrasslikc (broad leaved) herbs, someomes called weeds 
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defeats the implied meaning of “range -nL ^ defined 

below, the term is broad enough ro mclude all phases of pastu 

utilization and maintenance: „rnr-nr;m» maximum 

Range management is the science and f ® P resources or 

sustained use of the forage crop without jeopardy to other resources 

""xhts Sit presupposes thorough familiarity wiA 

and condition of the grazing area and indicates tha ® The 

will necessarily be equally effective m a c things, 

reference to sustained (forage) yield implies, 

.d.p,L of ivrx.'iS.n r“ooSS- 

ence to “other resources or uses calls att recreation 

tion of watersheds, timber, soil, streams, game a » 

“Range management, like ecology, covers “ 

effective application leans on many sciences. ^ the hub fFic 1) 

be likened m a wheel where range management is the hub ^Fig b 
From this point radiate six “spokes' or divisions ( The raw 
materials lead directly to *e y factors and 

non, temperature, water, iL nutrition, physi- 

where microbiology, “’'/ecology form a segment of the 

ology, taxonomy, genetics, and range gy 

rim. (2) Integrating organisms, whic nourishment and 

dependent upon water and nutrients and p noxious plants, 

shelter for the animals. animals. (3) The 

agronomy, and the nutrition and pn>sioi gy animal life 

market products are derived from both domestic 
as dealt with in vertebrate zoology, veterinary 

of breeds and breeding. (4) The land manager ™ 

animals, as well as predator and rodent contro , welfare of 

game, range administration, and 6 ”“"^ ^‘^^tive and best uses 

the forest and other land resources. (5) ffU-cnil and various 

of the range lead to laud eeonomics, “nse^ation of the 
special economic range problems, tfa^Sra- 

mental influences concern a j ,, 5 ^ and a consideration of 

non of climate, erosion control, proper la ■ concerned with such 
land values and settlement. This field is chiefly concerned 
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disciplines as mcteorolog) , geolog) , and mmeralog)’, and the morphol- 
og\, ph\sics, and chemistr> of soils. 

If the range-management “w heel” makes clear to the reader that many 
mter\’ oxen snbiects enter into the solution of range problems, it will 
i,a\e accomplished its pnmar\* aim. 



ing plans for rauonal grazing-Iand use. 


Grazing Management. This term refers to the care and handling of 
livestock on the range, whereas range management deals more specifi- 
cally w ith the w elfare of the forage crop and the soil. The topic of 
grazing management b primarily concerned with selection of stock 
that w ill best utilize the forage of a gi\ en range area and with such 
phases of handling the animals as their proper distnbution over the 
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well-executed grazing-management plan is essential tu g 

:::Lgement an" brings the biggest economic returns. 


PiFLiis Aluki. lo RANOr MANAOrMlM 


riFLUS rvui-iinw -- 

Closed related to ^nge mana^ 
and animal husbandry. Th y, hus- 

the many basic sciences > fi B management. 

bandr>' overlap little, if at . , prodnction of grains, 

fodders, and various supplemental livestock tee meadows. Animal 
grass crops grown chiefly on cL and produc- 

husbandry is essentially of agronomy and animal 

tion of domesuc livestoclc A manager, though 

husbandry, however is h gW J understanding and solution of 
these subjects apply less directly t „kvsir>lo 2 V ecology, and 

range problems than subjects such as plant ph> s.ology, gy, 

taxonomic botany. 


Forestry and Ranoe Management 
. ,. 1- grazed over vast forest areas as an 

Because domestic ® ,,nds, forestr>' and range manage- 

integral part of multiple use of j^ted. This fact has induced 

ment have come to be intimat y organize instruction in 

many colleges and ° esLches in the forestry department, 

range management and built around the philosophy 

Both forestry and range management are ou 

of long-time land-use planning. production are particularly 

Field interrelations of silviculture, forest protec- 

apparent in five "-“1°^ branch economics and forest influences, 
non, forest management, reproduction and growth of suc- 

Silviailture is conceme w eribe cutting practices that will 

cessive timber crops. T he aim is f 

provide seed crops or “PP'“ ^ ing off the forage cover that 
reproduction may be tree seedlings. But excessive 

might othenvise compete se to silvicultural practices where 

livestock browsing may be n ^ destroyed. By work- 

desirable, palatable the silviculturist can decide 

mg together, the range “ns intensitv of grazing least destructive 

on the most satisfactory season ano 

to the forest the pasromge. prevention, control, and 

Forest protect, o,. deals xi.th destructive to the forest, h eon- 
suppression of agencies mjuno 
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sidcrs the control of insects diseases and fire on the forest, fire bein^ 
the one most influenced b\ gra? ng practices Grazing off inflammable 
\egetation is useful in checking the spread of fire and decreasing its 
intensitc However in order not ro injure timber reproduction, 
grazing must be consercatue and done when the herbage i> succulent 
Forest mjtiJgetJient is chieflv concerned with computation of income 
from forest areas establishment of cutting c\ clcs, and formulation and 
conduct of long range plans of operation Invading vegetation after 
logeing IS often important to the forest manager, since the forage ma\ 
return enough revenue to pav the tasres and other carrving charges 
until the timber reproduction predominates Ofiviouslv, the grazing 
practice adopted must be coordinated with growth requirements of the 
forest 

Forest economics has to do with the needs values, and policies of 
forest lands m relation to the public The forest economist must decide 
whether temporan grazing returns are justified on a loggcd-ofT unit 
What IS gamed m fire control b) grazing the area* Is the commumtv 
dependent upon the grazing resources of the forest* What effect has 
grazing on the other resources of the areas* To answer such ques- 
tions the forest economist must work closelv with the range manager 
The subject of forest influences treats of w atersheds and their manage- 
ment and involves such questions as maximum, continuous >ields of 
usable water Again grazing max be a tool to minimize fire hazard 
Probablv no field of forestrv is as closelj allied to range management as 
forest influences on areas where both forage and timber crops are 
utilized 

End Products of Range Forage 

Livestock probablv consume no less than three fourths of the 
products of the improved lands and practicallv all accessible feed on 
the natural range, but these raw materials have little value until thev 
are converted into usable products for human consumption 

The ‘end products of the range constitute a wide vanetv of 
producer and consumer goods that come from the range animals For 
convenience in discussion these are divided into inedible and edible 
products 

IvrDiBir pRODters 

The principal inedible products obtained largelv from range animals 
include hides skins, w ool, oleo oil, and mohair 

Hides, kips (from calves and xcrv \oung cattle), and the better skins 
(from sheep and goats) (5), arc high priced items w hen considered 
on a per pound basis Indeed^ the tanner sometimes paj's as much or 
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more for superior flayed and cured cattle hides and kips than the 
butcher pays for the dressed carcasses of these animals {16, 19). Tn 
cattle about 7 percent of the live weight and about 11 percent of the 
value of the animal he in the hide In calves the skin is worth about 
20 percent of the value on the hoof Although the United States 
produces more leather than any other nation {13), many hides and 
skins must be imported 

The importance of avool and mohair lies m the fact that they are 
the only animal fibers produced commercially m North America for 
spinning In 1939, when price and production were probabh’’ close to 
those of average years, the United States produced 361,689,000 pounds 
of shorn w ool and 64,500,000 pounds of pulled w ool (w hich is obtained 
from skins of slaughtered sheep) These figures represent an average 
dip of 8 pounds from the 45,195,000 animals shorn (/7) Shorn w'ool 
commanded an average local market price of 22 3 cents per pound and a 
gross cash income of $80,683,000 The cash annual income from sheep, 
lambs, and mutton® was $172,497,000 {18) This divides at an approxi- 
mate ratio of 1 2 I m gross income benveen w ool on the one hand 
and mutton and lamb on the other In 1939 {IS) the 4,068,000 goats 
yielded 18,785,000 pounds of mohair— an average of 4 6 pounds per 
animal— which commanded an aierage local market price of 47 3 cents 
per pound and a total cash income of about $9,000,000 So great is 
the demand for w ool and mohair that the textile mills of the United 
States ha\c had to import about 40 percent of their requirements 

An important by'-product of wool is oleo oil, a purified wool fat or 
“grease” that enjo\ s extensive domestic and industrial uses 

Mohair is used mainlv m the manufacture of plush fabrics for auto- 
mobiles and furniture and to a lesser extent for clothing 

Other inedible articles, classed as strictly bv-products, arc the glands, 
notahU th\ roid, parath% roid, pineal, p unary , thvmus, adrenal, gomds, 
and pancreas From these arc dcri\cd such pliarmaccuticals as insulin, 
pancrcaiin, tin roid extract, and adrenalin Included in the inedible 
bv-products arc the bones, blood, hoofs, horns, and intestines, w Inch are 
processed for such articles as feeds, fertilizers, gelatin, and glue (16). 

FnincF pRonucTs 

In most stock-raising countries of the world the chief agriculrural 
pursuit IS that of producing good quality of heef. st^al, mutton, an 1 
lamb {10). Tills should be accomplished through sustained forage 
production 

* hoi incJutlc %alue of jljccp anJ Iambi ilaij|.hrcrc<l for home coruumpoon. 
which in 1919 to^ifed 53 M5OO0 
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In the United States the production of cattle and caUes m 1940 ^\as 
estimated at 15 7 billion pounds and the a\crage price per hundred for 
cattle \\as $7 >6 and forcahes $8 83 (i5) 

The estimated production of sheep and lambs m 1940 ^\as 2 0 billion 
pounds and the average price per 100 pounds was $3 95 and $8 10 
respectiveh (IS) 

In addition to the pnmar> dressed meat, the edible products also 
include such meat b\ products as brains, kidnev s, liv er, meat portions 
of the head sweetbreads, tails, tongues, tnpe, and intestines used for 
sausage casings 

Imports and Exports of Meat 

The world wide demand for meat focuses interest on the business of 
Its proper distnbution How large ts the importing and exporting meat 
trade' Which are the leading impnnmg and exporting countries' 
How stable is this field cf commerce' How about its future expansion* 
These and similar points concern the consumer, the producer, the 
economist, students of range management, and others 
With refrigeration and improved methods of processing, including 
canning and deh>dration, meat can now be shipped anv'where These 
advances have greatlv influenced the qualm and breeding of stock in 
some countnes 

The w orld s exports and imports on beef and \ eal, mutton and lamb, 
and pork are summarized in tons of meats m Fig 2 The 8 mam 
exponing countnes are listed on the nght m decreasing order of their 
importance m this industrv , and 7 mam importing countnes arc listed 
on the left m increasing order of their meat imports (7, 10) 

Argentina leads the world in meat exports. New Zealand is second, 
followed bv Denmark, Australia, Uniguav, the United States, Canada, 
and Brazil, m the order named Argentina is also first m the export of 
beef, Australia being second, Uniguav third. New Zealand fourth, and 
Brazil fifth In mutton and lamb. New Zealand is bv far the heaviest 
exporter and is follow ed bv Australia and Argentina In pork exports, 
Denmark far exceeds other nanons, the United States being second, 
follow ed bv Canada, Argentina, and New Zealand 
AATiereas most of the importing countnes produce great quantities 
of meat themselves their large popubtions require additional imports 
Great Bntam leads in all kinds of meat imports even though she pro- 
duces large numbers of meat aminals for home consumption Italv, 
France, and Germanv, m the order named, are the next lai^est meat- 
importing nations Thev are followed bv the United States, Japan, 
and Russia The Scandinavian and some other European countnes are 
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practically self-sufficient in their meat requirements, as are also 
most of the South American republics. The world trade in meat 
with the Asiatic and African countries is of relatively little impor- 
tance. 


IMPORTS I EXPORTS 



THOUSANDS or TONS 


Fjcm 2. Comparatuc exports and imports of meats by leading meat-eating nations. 

Although meat is a prominent exchange commodity among many 
nations, mismanagement of the meat trade lias somerimes led to grave 
political situations, as, for example, between Argentina and the United 
States (5, /•#). 
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Per Capita Meat Consumption 

The amount and kind of meat consumed b\ the different nations 
\arv with taste, custom, and habit, with geographic location, religion, 
season of the % ear, and the purchasing power of the consumer (6) 

Four countries— Urugua) Argentina, New 7cahnd, and Australia— 
clearh lead all others in the annual per capita consumption of meat 
In Great Britain, the United States, and Canada the annual per capita 
consumption is approximate!) the same— about 1 39 pounds German) , 
Belgium, ItaU , and Russia follow m the order listed In the Orient (//) 
per capita meat consumption is hut a fraction of that eaten csen in 
Russia 

The reason that meat pla\s such an important part m the diet of the 
leading nations apparenclv lies m its high laltie as food 

Meat as Pood 

Meat IS a natural food Primitive man like the human of toda), 
turned to animals for lus food requirements 1 ong before he tilled and 
improved crop plants man became a skilled hunter, killing animals for 
his subsistenec 

Meat substitutes have never been popular because thev lack the 
superior qualities of meat it is attractive to tlic c) c, has a pleasing odor 
when cooked, adds interest and flavor to the diet, and is palatable, 
healthfal and highl) nutntioiis I et us bncfiv consider its mitritive 
value 

Being high m readil) digestible proiem, meat builds and repairs bodv 
tissues and is important in preventing and curing anemia Lncr and 
kidney, heart, and skeletal muscles are valuable m hemoglobin formation 
The red blood pigment contains iron that, in the presence of adequate 
proteins vitamins (i>) and certain other nutrients, is essential to such 
pigment building 

Meat also contains vanous elements essential to growth and health 
It IS high m phosphorus— important m the building of skeletal tissue— 
and contains traces of aluminum copper, manganese, magnesium, and 
zinc which seem to have a favorable reaction on the human system 
Cooked beef, lamb and pork arc relatively nch m thiamm (vitamin Bi) 
and riboflavin, and the) contain a trace of vitamin A but no ascorbic 
acid, that is, vitamin C (/, 2) Liver is particularly rich in vitamin A 
The fats arc a cheap and important source of energy 

Undoubtedly range management and the products of the range arc 
prominent factors in a balanced agriculture of the world By trans 
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forming range forage into vast quinuties of criticnlly important human 
food, the livestock mdiistr) stands high m its service to mankind 
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Chapter 2 


THE WORLD’S GRAZING 
PRACTICES AND PROBLEMS 

What are the best uses of pasture areas This question is lihcK to be 
ashed m all countries of diversified land management practices In 
the older settlements of the world most of the lands have been put to 
their best economic use chicflj through tnal and error methods In 



Fie 3 Fomicrb good range bnd that was plowed and seeded to gram during 
World War I ^\’hcn the topsoil had eroded awa> and numerous gull cs had 
formed, the land was abandoned to revert to infenor volunteer annual grasses 
and weeds (Tehama County California) 

the younger settlements the agncultural ventures are still m progress 
and account for the changing land practices too commonly found in 
manv parts of the world 

Broadl> speaking agncultural land users may be divided into three 
groups (0 s^ctly crop farmers They occupy the better lands, 
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their settlement is relatively compact, the agriculture is stable, and 
markets are close at hand (2) The combination crop farmers and 
stock raisers They occup> the somewhat hillier, medium pnced 
land, the settlement is less compact, markets more remote (5) The 
exclusive stock raisers The\ occup> the hillier, drier, and lowest 
priced land w here population is sparse and markets remote 
Next to the borderlands \\ orked by crop farmers are sometimes sub 
marginal farm lands The> are generally occupied by the graziers, as 
m western United States, but the choicest portions can be farmed with 
varying success during periods of high rainfall and favorable economic 
conditions These crop farmers usually grow gram, are here todav but 
gone tomorrow , and hav e destrov ed many of the grazing resources in 
parts of nearly everv continent With each wet cvcle and economic 
boom more virgin grassland is broken up (Fig 3) Clearly, most 
semnrid lands that are devoid of irrigation water serve man best where 
the sod IS preserved for grazing {IS) 

Continental Considerations 

In the following anal) sis of livestock production on all continents 
vve consider the importance, stabiUtv, and probable future expansion of 
themdustrv m all areas of the world Also discussed are the handicaps 
to be overcome and the contributions made bv the various countries 
to the livestock industr) as a whole and to the graziers of North 
America m particular Know ledge of these facts should be helpful m 
avoiding repetition of mistakes and m learning from the experiences of 
others 


Europe 

This IS the smallest of the old-world continents, with an area of 
3,750 000 square miles and, excluding Russia a population of 402,800 000 
To facilitate discussion, Europe is div ided into four numbered ecological 
and economic regions (Fig 4) 

I ts^orthcni Kartoii includes most of Norwav, Sweden and Fin- 
land and extends eastward to the Ural Mountains Because of the 
sliort summers and long winters, it is not intcnsivelv developed agri- 
culcunllv ^ cc dairv ing m pans of Scandinav la is both mtensiv c and 
specialized The linns have developed a small, white, good milk- 
producing cow that endures intense cold and mav become useful m 
Maska llic long winters rtquinng large quantities of supplemental 
feeds, have created a stronij demand for cottonseed cake from the 
United States. Reindeer production of nonhern Finland, Sweden and 
Russia has powibilitics of further expansion llic animals arc largclv 
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RclaQ\c distribution of crattle and sitccp m the four ecological regions 
of Europe shown b> density of shading 
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owned and reared by the Lapps. The governments control the grazing 
intensity of much of the tundra as a precaution against overgrazing. 

U. Lowlcmd Plains Region includes Great Britain, Ireland, France, 
and the land belt eastward to the border of Asia. 

The British Isles have little soil erosion and, because of the cool, damp 
climate, have green pasturages throughout the year. They are well 
knowm as the land of origin of such breeds of beef cattle as the 
Aberdeen-Angus, Galloway, Hereford, and Shorthorn; of such long- 
wool breeds of sheep as the Cotswold, Leicester, Lincoln, and Romney; 
and of medium-wool breeds such as the Cheviot, Dorset, Hampshire, 
Oxford, Shropshire, Southdown, and Suffolk. 

The British Isles also have domesticated many forage plants, notably 
Canada bluegrass, Kentucky bluegrass, meadow fescue, orchard grass, 
ryegrasses, timothy, and such forbs as clover and bumet. Much of the 
pasturage is used to produce high-quality beef and mutton, since most 
of the dairy and pork products are imported from Denmark and New 
Zealand. The area maintains nearly ideal grass and legume pas- 
ture mixtures through the use of soil fertilizers. Present pasture 
fertilization technology in North America is essentially based on 
England’s findings. 

The other western nations— Denmark, Belgium, France, Germany, 
Holland, and the 'southern part of Norway and Sweden— raise fairly 
large numbers of livestock, mostly on farms of 10 to 20 acres. France 
has developed the Rambouillet breed of fine-wool sheep, using the 
Spanish Merino as the foundation breed. Denmark, Holland, and Bel- 
gium probably have the most highly developed dairy industry in the 
world. The damper areas of this region have eroded little, but some 
of the drier, thinly vegetated lands of southern Germany and interior 
France have eroded severely. These areas are now being conserved 
by ingenious engineering works and by planting to trees, shrubs, and 
grass. 

The central nations of this region— Czechoslovakia, Poland, and west- 
ern Russia— have a primitive agriculture and inferior livestock. Before 
World War II about half of the land area of Poland was owned by 
3 percent of the people, a condition that contributed tellingly to the 
poverty of the masses. The sheep are light-shearing and small, con- 
sisting mostly of fat-tail, Karakul, and Merino blood. The extensive 
prairie of southern and central Russia is ideal for cattle and fair for 
sheep. Goats are increasing in population, both on individual farms 
and on the large collective ranches that were acquired by the Greek 
Catholic Church during Czardom and confiscated after VVorld War I 
by the revolutionists. Much of nonhem and eastern Russia, despite 
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the exren'ue coniferous fo’^sts la suitable for cattle and sheep gnzing, 
and Inestock numbers can be expected to expand Erosion has been 
sev ere n ‘^ome parts particularK m southern Russia, here the effective 
ness of she terbeks in stabilizing the soil is being studied 
III Th^ Mediterranean and Balkan Region includes the nanons from 
Portugal and Spam eastward to Greece and Roumania It is a region 
of drv mild climate with diversified vegetation Large areas of the 
wild lands of Greece, Italv, Spam, and Portugal have long been over 
utilized bv goats and other stock In parts of Greece milk sheep are 
replacing goats, the hope being to decrease ov ergrazmg Spam must 
be credited w ith dev eloping the popular and vv idelj distnbuted Menno 
breed of fine wool sheep In this region agncultura! practices are 
primitive Oxen and water buffalo are used for work, and in manv 
sections livestock is of infenor breeding Several annual forage plants 
and noxious w eeds of this region have been accidental!) introduced into 
and naturalized m Cahfornu and adjacent states The most common 
forage species so introduced arc bur clov er, filarces, annual fescues, and 
wild oats In this region also, Ladmo clover was perfected 

IV The Steppe Region includes the southern short-grass portion of a 
region that is nearlv ideal for cattle and is fau: for sheep When better 
blood is used and diseases arc better controlled, animal production of 
this region should increase markedlv The grasses are nutntious, and 
the climate is healthful With improved transportation, ample markets 
v\ould be available for the animal products 

Possibilities of livestock expansion m Europe are distinctl) regional 
Although the continent has a large livestock population, more meat and 
hides are needed Future possibilities of livestock expansion appear 
insufficient for the continent to become sclf-sustammg in meat require 
mencs The western nations are evidcntlv full) stocked, but m Russia 
and the Balkans more animals could be raised if diseases were better 
controlled Region II and Region IV of Russia (Fjg 4) have the best 
potcntialmes for increasing their livestock numbers 

Asia 

This is the largesr and the most heavilv populated of the continents, 
with an area of 17,000 000 square miles and with some 1,154000,000 
people Asia has man) cattle and fair numbers of sheep, despite their 
absence m the northland and their scarcit) m parts of the vv est. The 
continent is divided into five numbered ecological and economic 
regions (Fig 5) 

I The Siberian Region encompasses the Asiatic portion of the 
Sov ict Union, of w hich a laigc part is similar in climate and v egetation 
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to northern United States and Canada but is undeveloped and sparsely 
populated. Despite the Jong, cold winters, southern Silicria is a healthy 
country and a potential cattleman’s paradise (22). Extensive prairie 
land covered with wheatgrasscs and ryegrasses provides excellent forage. 
Some regions support forage plants that have become broadly useful. 
Among these is crested wheargrass of the Ural Alountains, which is 



Fig. 5 . Relative distribution of cattle and sheep in the five ecological regions 
of Asia, indicated by density of shading. 


popular for pasturage in western Europe and western North America. 
But the Siberians could use more and better livestock. A small part of 
the demand for meat and hides is supplied by the nomadic reindeer 
herds of the adjacent tundra, and this herding is capable of some expan- 
sion. This area could become the granary of Europe and an impressive 
meat-producing region when the now inadequate transportation system 
is improved. 

n. The Sozitlnvesteni Region extends from Turkey and the Arabian 
peninsula eastward to India and southwestern Siberia and has a dry 
climate with xvarm summers and fairly mild w-mters. Steppe vegeta- 
tion alternates xvith brush. Turkey has the heaviest livestock popu- 
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lauon mcluding manv Angora goats Arabn continues to cn,os a 
high reputation m horse breeding other districts raise superior canK s, 
but the desert prc%ents extensive rearing of cattle and sheep jc 
animals are poorU handled and much of the country is overgrazed 
It IS unhkeK that the livestock mdustrv will expand 

III The India and Burma Region is dcnsclv peopled, dependent on 
agnculturc and much influenced l>> traditions Dating back to about 
3500 cc India 5 civilization carries with it deep rooted customs, man) 
of which appear irrational from the standpoint of livestock utilization 
and production Religion enters strongU into the dictarv habits of the 
people The 325,000 000 Hindus, including the 50,000,000 Untouch 
ables for example do not eat beef, the 100 000 000 Mohammedans do 
not eat pork but both inav enjov mutton and lamb, though they cat 
hitlc meat (2P) Milk and its products supplv most of the dictarv 
protein Despite the wastage of animal flesh, cattle m India and 
Burma are tremendnusU important, supplv mg ncarlv all power for 
road transportation and for cultivation of the farmlands The cattle 
are of the Brahman or 7cbu, breed (Dos indicus) Tlicir inferior 
quality and small milk production arc due more to malnutrition than 
lack of breeding At present, each 100 acres of cultiv ated land in India 
supports 67 cattle If this number were reduced bv one half and were 
handled in a modernized manner India could grcatlv increase its milk 
supplv and work potential But the sentiment against killing of cattle 
IS so strong that ev en the old, sickK animals arc pampered and sustained 
on forage needed for the productive herd The widespread rinderpest 
and foot and mouth diseases cannot be stamped out or controlled 
because contaminated animals may not be destrov cd Parrlv because 
of poor sanitation Brahman cattle have built up remarkable resistance 
to disease, including that earned bv the tsetse flv This fact and 
their adaptabilitv to warm humid climate has made Brahman cattle 
popular in the Philippine Islands in tropical regions of South America 
Australia and Africa, and m parts of southeastern United States 
Although the pastures m India are overcrowded, soil erosion is onlv 
moderatelv serious partly because of the presence of native sod forming 
species such as Bermuda grass Improved strains of Bermuda grass are 
now being grown in southern United States and m other mild humid 
climates 


IV The Southeastern Region includes China proper, eastern Man 
chuna, Thailand Japan and the Philippine Islands About 80 percent 
of the Chinese people h\c on farms The land is intensivelv used, but 
practices are primitive and wasteful About 5 percent of the tillable 
land IS taken up in burial grounds Besides manv hogs and fair numbers 
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of sheep, Ch\m has many cattle and w^ter buffalo (Bos biibalus) which, 
incidentally, furnish most of the farm power but are not extensively 
milked 

Eastern Manchuria, as yet hrgciv undeveloped and statistically almost 
unknown, apparentlv his few cattle and almost no sheep Sum has 
many Brahman cattle The Philippine Islands are covered woth hard- 
wood forest and support only a few cattle, mostly of poor quality 
Rinderpest is a serious disease Japan also has few Inestock, for the 
more accessible lands are farmed intensively On the humid, mild- 
chmated Island of Hokkaido, sheep raising has been tried out with 
varying success 

Since the Japanese islands receive 40 to 60 inches of rainfall a year, 
the resulting dense \egetation efFectivelv protects the wild lands from 
conspicuous erosion On the steeper cultivated land, terracing has 
conserved the soil In contrast, much of China’s land has eroded 
severely, though some corrective work has been done In southern 
China, where rainfall is heavy and the farm lands have not been 
terraced, many hillsides are depleted, in the central portion, where rain- 
fall IS intermediate and the plant cover less dense, severe erosion is more 
general, m northern China, where rainfall is light, erosion of the soft 
loess soil has been se\ ere despite extensive terracing (3) 

V The Interior China Region embraces the sparsely populated prov- 
inces of Mongolia, Smkiang, and Tibet The rainfall is generally light, 
the summers are hot, and the winters are cold Little authentic in 
formation is available to convey a picture of the populations or 
distribution of the cattle and sheep Sections of Mongolia are peopled 
by natne nomads who subsist largely on meat and whose religion 
denies them disturbance of soil other than by heavy grazing The 
resulting destruction of the plant cover is exceeded only by the dry- 
farming practices of itinerant Chinese farmers of the region The 
plowed fields, abandoned during dry cycles, suffer severely from sheet 
erosion and contribute to the extensive dust storms The more rugged 
areas of Smkiang and Tibet support fat-taii sheep, cattle, vaks (Bos 
^mmens), and goats that subsist yearlong on the natural herbage 
Most of the animal products are used locally (28) 

Expansion of h\ estock, except for reindeer m the far north (Region I, 
Eig 5), seems remote This is also true for India and Burma, because of 
religious tradition China proper has such great need of cereal crops 
for liiiman food that livestock expansion appears improbable Intenor 
China has good grazing grounds, hence the mdustr> could expand if 
markets and transportation were improved Tlve two greatest con- 
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mbutions of th^ tontinent to the hiestock mdustrj as a whole are 
Bermada gras= and the heat resistant Brahman breed of cattle 

Piis ia ri iCL md largest continent w ith an area of 1 1,710,000 square 
mile': ar\i \ tb IjT 330 000 people The \ast, inhospitable deserts and 
tropica ungle*- account for the unexen distribution of livestock The 
peon* e.re esscntiallv pastoral, for onU 10 percent of Afnca is forested 
of the animal products are used Jotallv The small size and 
infemrtv of the livestock population are caused bv diseases, poor 
o'o d lines inadequate transportation, the numerous large game mam 
mals tha*- complicate hv estock handling, and low liv mg and educational 
standards The continent of Afnca is discussed under five numbered 
ecological regions (Fiq 6) 

I The Congo Baun Region is wet and tropical and supports the 
continents largest hardwood forest (38) The Congo jungle presents 
obstacles of diseases and unfavorable climate that are too great for the 
reanng of livestock 

II The Si-tnnih Regioti is transcontinental and extends from the 
west coast of French West Afnca eastward across the continent and 
south to Northern Rhodesia Except for the dner portions of the 
desert, the region is essentiallv savannah, with wide vanacions in 
rainfall and temperature The densest livestock population is concen 
trated m the eastern territories where the soil is fertile and the rainfall 
fairlv hcavv This region presents three outstanding problems 
(1) manv large mammals, especiallv antelope, hartebeests (Bubelis 
caeina), and zebras (Eqmis zebra), which consume much forage and 
preclude effective use of fences, (2) diseases, notablv nnderpest, a 
contagious fev cr plague among cattle, and sleeping sickness, caused bv a 
parasite carried bv the dreaded tsetse fl\ (Glossma pilpalis) and fatal 
to man and domestic stock (it has been brought under control recentl> 
bv immunization viith a drug called antryeme), and (3) mineral de- 
ficiencies of the forage which in some areas, must be overcome 
amficiallv 

III The Desert Region is a transcontinental desert and lies between 
the states m the extreme north and the savannah m the south Most of 
this drv , hot region precludes adequate forage grow th Ltv estock arc 
found pnmanU along the Nile Riv cr in Eg\ pt 

IV The ^fediterranean Regiontnc\udcs the extreme northern portion 
of Afnca, ir has a rainv season from October to June and hot, drv 
summers Clirraticallv and flonsncalK this region is similar to much of 
California Annual species associated with shrubbv growxh furnish 
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most of the forage. In summer the grazing season is supplemented by 
stubble pasturage and, in some areas, by bur-clover, lespedeza, and 
alfalfa (14) . Because of lack of reservoirs, water is seasonally deficient. 
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Fig. 6. Relative distnbution of cattle and sheep in the five ecological regions 
of Africa, indicated by densitj' of shading. 


Algeria and Morocco have many inferior and poorly managed cattle, 
sheep, and goats. According to Killough (27), anthrax and contagious 
abortion are the most troublesome diseases; but the heaviest stock losses 
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result from malnutnuon The people, prcdommanth ^ 

of lo s lit mg standards due to laek of economic and educational opp 
tumties are themselies the mam obstacle to Union of 

\ Xic Temperate Region includes Southern Rhodesia, t ' 

South Africa and Madaglcar The chma.e of "7, 

summem is compatible ttith sansfactor> seasonal ^ ^ 

1 5 to 40 inches of rainfall The northern portion and “ 

cattle countrt tthereas the southeastern pomon ranes 
■heep The meat and hides are mostl> traded u ith Great Britain 
cnzing capant\ of the better managed Union veld is fairh hig , 
mans areas ate overgrazed The dnet, ttck-infesled veld, as in the 
Transv aal, is pastured hv the hatdv , strong-footed, thick-skinned, mm 
or Afnkander tv pe of catlle-cv identlv of Brahman foundation 1 nn 
breed IS being tested for adaptabilitv in southeastern United States ana 
elsewhere In the Transvaal the Afnkander cattle outnumber all other 
beef breeds except the Shonhom Menno and fat tads are the most 
popular breeds of sheep Handicaps in hv estock produaion, other than 
drought, are mabilitv to mamtam fences because of numerous large 
name mammals, the protective practice of kraahng (corralling) t e 
stock at night, the necessicv of herding on foot because of a conOTon 
horse sickness, phosphorus deficiencv that necessitates feeding of bone 
meal, land speculation and plowing of the veld, which has resulted m 
destruction of needed forage, unfavorable plant succession resulting 
from burning and from erosion around the kraals, and onlv passive 
interest m ranching because of attraction to the gold and diamon 
mines {S, II, 33, 35, 36) From this region have been introduced into 
the United States species of native lovcgrasses {Eragrostis spp ), 
are being used successfullv to revegetate ranges m southwestern Umte 
States, and Harding grass (Phalarts tuberosa var stenaptera), a usefu 
species in the Pacific Oiast states 


Possibilities of livestock expansion m Afnca arc poor The sma 
world trade in her livestock products is not likelv to expand in the 
near future bccaLse of seeminglv insurmountable handicaps The best 
possibilities of liv estock expansion are in the Mediterranean region 1 
(Fig 6) and m the Temperate region V 

The SotmivvEST Pacihc Colstries 
Australia, New Zealand, Tasmania, and the adjacent tropical islands 
on the north are included he^e Since Australia and New Zealan 
produce most of the In estock, the discussion is chicflv confin'd to those 
countries 
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Australia This relatively let el continent, ttich an area of 2,974,500 
square miles, is onlv slightly smaller than the United States and has a 
population of about 8,000,000 (Fig 7) 

Except for the tropical northern portion, Australia enjoys a temperate 
to subtropical climate The rainfall, which has strong cyclic and 
distributional variability , has profoundh influenced the uses of the 
land and the distribution of the inhabitants The northern area has 
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rainv summers, the southern region has rainy winters and both have 
prolonged dry seasons Highly important areas for hiestock and 
farming are the southeastern portion of Soutli Australia eastM ard to the 
coast of Victoria, New South Wales, the southern half of Queensland, 
and the coastal strip of Western Australia (Fig 7) Oatgrasses 
{Dantboma spp ) and needlegrasscs {Supa spp ) avere onginalh 
abundant on areas recen ng annual rainfall of about 20 inches Se% era! 
million acres of these more favorable rainfall areas were the first to 
be grazed by domestic stock The better of these moderately^ high 
rainfall units were fertilized with superphosphate and nitrogen and 
then seeded with perennial ryegrass {Loinmi perenuc)^ subterranean 
clover {TrifoUimi suhterrauetmt), and Harding grass (Phalaris uiberosa 
\ar stenoptera)^ alkali areas were seeded with medics {Medica^o spp ) 
This practice has conspicuoush increased grazing capacitv and im- 
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shown promise of successful suppre^ion (i/). In 1945 the first species 
of Qhrysovjela were introduced from Australia into California, to deter- 
mine their effectiveness in controlling the local St. Johnswort (Klamath 
weed) pest. Certainly Australia provides impressive examples of the 
caution other countries should take in introducing animals and plants. 
On the other hand, this nation has demonstrated the great benefits that 
can accrue from introductions of suitable range plants. 

Ne'w Zealand. This isolated, healthful country of 104,000 square 
miles (Fig. 7) is about the size of Colorado and has a population of 
1,750,000. The precipitation ranges from 60 inches in the North 
Island to 30 inches in the South Island; and since it is rather evenly 
distributed, green forage is available yearlong. Climatically it is prob- 
ably the most efficient and highly favored pasture country in the 
world, Great Britain ranking second in this respect. Sheep raising 
constitutes the real wealth of the country, but dairying and beef 
production are also important. The Romney, Lincoln, Merino, and 
Corriedale-Corriedale evolved locally and now raised in western 
United States and other temperate countries— are the popular sheep 
breeds; Shorthorns and Aberdeen-Angus are the most common beef 
breeds. New Zealand is a country of small ownership, the bands 
mostly numbering from 400 to 1000 mature sheep. Originally much 
of the North Island was forested, but the trees have been largely 
replaced with sod-forming English bentgrasses, bluegrass, and sub- 
terranean clover. The cover is kept closely cropped by alternate 
grazing. Mineral fertilizers are used extensively to enhance pasture 
growth. On hilly land, where the tussock is frequently burned, ero- 
sion has been severe. Zotov {39) concludes that fire is the primary 
cause of the depletion. During World Wars I and II, much of the 
remaining high-quality timber land was burned to convert it to 
pastures. But the attempt proved a failure, for the lands have reverted 
to brush, and nearly all required lumber must be imported. 

The most troublesome animals arc the English rabbit, the hare, and 
the fox; and among the introduced plants, Sc. Johnswort is the worst 
pest (12). 

Possibilities of livestock expansion in Australia and New Zealand are 
good. In spite of severe periodic droughts and destructive animal and 
plant pests, Australia may impressively increase her livestock popula- 
tions. Maximum expansion, however, must await improved land trans- 
portation. Tills is true also of New Zealand, whose industry is less 
subject to depressive droughts. 
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SoLTH America 

South Amenca \\ ith an area of 6,800 000 square miles, is essenttallv 
an agricultural counm The population of 110000 000, ^\hlch is 
less chan half chat of North Amenca, is largeU agrarian Nearl> ttvo- 



Fjc. 8 The relaave dismbunon of canle and sheep in ihe four ecological regions 
of South Amenca, nidicated b> densit> of shading 


thirds of the continent is tropical, but large areas are tempered bt 
elevation, trade winds, and sea currents Livestock production, a 
pnniar> mdustr) in several regions, is discussed under four numbered 
ecological and economic regions (Fig 8) 

I The Southern Platns Region is bounded on the north by Brazil 
and Bolivu and extends southward to 'Tierra del Fuego, eastward to 
the coast, and westward to the Andean mountains of Chile The 
climate is mildlv temperate, and the generallv well distributed rainfall 
ranges from 60 inches m Paraguav and adjoining temtorv to 10 mches 
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or less in Patagonia. The Republic of Argentina, which comprises 
most of this region, is a highly important livestock country. Large 
numbers of cattle and sheep abound in the province of Buenos Aires, 
as well as in Uruguay and in southern Brazil. The Patagonian desert 
southward to Tierra del Fuego is essentially a sheep country. Large 
areas of the native hard grasses have been replaced by nutritious, 
domesticated European species and by locally improved endemic 
species, notably Dallis grass (Paspaimfi dilatattmi) and rescuegrass 
{hrovms catharticvs)—no\\’ used in range reseeding in the United 
States—and by alfalfa. 

In most of Argentina and Uruguay the cattle are well managed and 
of good quality, bur southern Brazil has a poor quality of badly 
handled cattle, and there is little effort to curb diseases. Throughout 
this region the crioUo (native cattle) have been replaced by Shorthorn, 
Hereford, and Aberdeen-Angus; and the original small Spanish sheep 
have given way to the Lincoln, Romney Marsh, and Merino. In some 
parts of this region foot-and-mouth disease, Berne fiy, and fever tick are 
troublesome. Erosion has not been extensively destructive, although in 
arid La Pampa and westward from Buenos Aires wind erosion has been 
destructive. 

II. The SavGnmh Region is composed of two units of similar 
vegetation: the large Brazilian savannah and the smaller, intensively 
tropical Venezuelan and adjoining Guianan savannah. The annual 
rainfall of about 60 inches conies mostly in spring and summer and 
favois luxuriant plant growth. The ranches are large and poorly 
managed; the cattle are disease-ridden and of poor quality but arc 
being improved by Brahman bulls. Overgrazing and frequent burning 
have caused destructive erosion in northern and eastern Venezuela 
and in parts of the Brazilian region. Both nations are now demonstrat- 
ing soil stabilization techniques by planting to trees and grasses {4). 
Several locally improved endemic species of Pnspalum contribute to 
the forage crop, especially Dallis grass, Bahia grass (P. votatrtm)^ 
Vasey grass (P. 7/rviUei)^ .and P. irmlacophyllinn {8). 

Hi. The Avia zon Basin Ref*ton is an extensively tropical savannah 
countn' of heavy rainfall. Much of this region is so favorable for 
growing coffee and sugar-producing crops that livestock grazing is 
neglected. Only the less heavily wooded eastern portion is moderately 
suitable for livestock raising. Tick fever, Berne fly, and foot-and- 
mouth disease arc troublesome. The cattle are given little care, and 
though improved by Brahman bulls they must be sold as canners or be 
converted into extract. The long, hard drive to market drastically 
reduces the quality of the beef. 
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IV The Montane Andean Reeton extends from western \'^enezucla 
southx ^rd and is a relatnclv undex eloped stock-raising and farming 
pros in e of go )d livestock porentialmes The coastal and mountainous 
stnp fro'-^ Colombia to southern Chile is suitable for livestock 

Colombu ! fairli n pical of the north coastal strip, which also includes 

E,.uador and Peru Cauca \alle\ in southeastern Colombia is highU 
predictive and supports fair numbers of unimproved stock Herd and 
ra-^e management are almost unknown, little is done to check such 
connnn di'^eases as blackleg, foot-and-mouth, and the tick fever Soil 
pro'll n IS severe in manv places but some protective forest zones 
have been established under governmental supervision 
In Chile, cattle and sheep arc especiallv important m the central 
vallej The animals are lietter bred and cared for than thev are 
farther north In north Chile alternating droughts and floods cause 
an erosion problem The government is attempting to curtail erosion 
bv planting trees, educating people m improved farming methods, and 
encouraging conservative livestock grazing 

Possibilities of livestock expansion is best m the Southern Plains 
region (T, Fig 8), Argentina having the greatest possibilities of livestock 
expansion Because of the drv climate and sparse v cgeianon, sheep w ill 
probabh continue to hold first place m the Patagonian desert and 
southward Uruguav prohablv has reached maximum production m 
liv csiock numbers This leav c$ Brazil in second place m potential hv e- 
stock expansion and Chile third But tropical Brazil and other northern 
countries have too man\ handicaps and cannot expect much livestock 
expansion in the near future 

North Amfricv * 

This continent, next m size to Afnca and Asia, has an area of 8,665,000 
square miles Its population of 200.000,000 is exceeded onlv bv those 
of Asia and Europe North Amcnca is a continent of contrasting 
climate and v cgetation The far south is characterized bv tropical rain 
forest, jungle, savannah, and hot desert, the far north bv tundra, swamp, 
and pockets of dwarf trees { 38 ) Between these extremes are vast 
areas of forests, praine, plain, and desert, \v ith extensiv e tracts com erred 
to farms and improved pastures Although it is rich in natural, renew- 
able resources, this continent has contnbuted no domesticated foraging 
animals or range plants useful in other parts of the world North 

1 For purposes of comistenc> North Amcnca is treated as broadl} as the other 
conunents discussed here Chapter 5 treats of the more detailed phjTical and 
biological features of die United States as they relate to pasture management 
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A^enca .s d.. .ded .nto four numbered ecolo,.oal and econonuc regions 

Tropical Rcffon d 



r sheen m the four ecological regions 

Eiu , of Shading 

rams chain uh.ch extends into and ^^ond Nicaragua and b.^rhe 
heavM, fairl> etenly distributed livestock are 

sitannah provide the chief S ^ sheep occur in Mexico 

not numerous, fair populations o enuthvvard only cattle are 

and Honduras, whereas from Ni“rag contnbuted to 

reared Inertia of the people and P" d„eases are little 

the laMt>' in the livestock indus«> & 

controlled, transportation is ^ ergrazmg and excessive 

blood, and soil erosion is sex ere M -Micaragua have given more 

burning In recent years Honduras and Nicaragua na g 
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attention to impro%ed range and livestock management than other 
countnes of this region and are exporting considerable amounts of meat 
to their neighbors (23) 

II The Hinmd Eastern Region is the relatively level countr>' that 
lies es ential!\ east of the lOOth mendian. The region includes the 
eastern half of southern Canada and the eastern half of the United 
States (Fig 9; The warm, humid summers are tempered by frequent 
rami, but the winters are long, cold, and snowy, except in the mild- 
cUmated southern states The annual precipitation is fairly evenly 
dismbuted through the year and ranges from 25 to 35 inches in the 
rmdwcstern tail-grass praine to 60 inches or more in parts of the 
deciduous and coniferous forests of the East and South. Generally, the 
grazing capacity is high. 

Dairx’ing is the most important livestock enterprise near the large 
industnal cities, but hogs and some beef cattle are produced, mostly on 
pastures seeded to domesticated grasses and legumes- The southern 
states ha%e a fair population of beef cattle of medium qualiy and some 
hogs but few’ sheep. The animals graze on farm fields and in the piney 
woods whose undergrowth is frequently burned (Chapter 15). Al- 
though much of the South has been freed of the fever ticl^ some 
tracts are still subject to governmental tick quarantine regulations. 
During the last quarter centuiy breeding to Brahman bulls has impro\ ed 
the hardiness of the southern cattle. 

Westward, in the highly produaive com belt (the midwestem 
interior lowlands) extending roughly from the Dakotas and Ohio 
southward to the cotton belt, lies the greatest livestock-fattening area of 
the w orld. Each autumn and winter great numbers of cattle and sheep 
are shipped m from the western and nonhem range countrs' to mid- 
wesrem li.estock commission houses, uhere thex' are sold to the 
farmers. The animals are fattened to prime condition on com and on 
hay of alfalfa, clo\ cr, or praine grass. WTien market- fat they are sold 
to local packing houses. Important as this industrx' is, hog production 
ranks first. The hogs arc run as scavengers along with the canlc to 
consume undigested or othentisc wasted com. The grazing capacity 
of the pasture lands is high. Two to five acres on the better lands are 
sufficient to maintain a mature cow for the normal 7-month season. 

Few troublesome animal or plant pests occur in this region. The 
sheep-killing dog is the worn predator, and unpalatable weed invasions 
diminish the pasturage. Among the diseases, blackleg, contagious 
abortion, and tuberculosis cause xarv'ing losses; in the South, tick fever 
requires attention. 

Soil erosion demands correction in-sevcral localities. Erosion is most 
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widespread in the Appalachian "o" whieTt'fs 

more destructive in the middle and ,he central 

measures are under way m m^y r southern British 

in ne An, wester,, Mexico, and west to 

Columbia east to Manitoba, s The reeion lies roughh 

the coast. It embraces \astgranng com 

west of the 100th meridian be w ,i . n,„untams The summers 
plains country to 10,000 feet “ jhe Pacific slope, 

are generall> hot and the wm ^ P summer 

in the southwest desert, and in ^ _,j coastal strip), and the 

temperatures are h-gh («cep^ a ong h^^ 

winters are mild The region \a -phe food plants are 

stock water is frequently a . j.^njuring grasses, forbs, and 

mostly composed of ^ f® on,e IS^aLs per animal unit 

shrubs The grazing capacity van« from »rn_^^ 

for the normal grazing season m th 

in the southwest desert bear 

Among the ^ poisonous plants cause heavy, 

are most troublesome Also, va V southeastern part of 

localized livestock losses each yea ( ) ^r^«: of Tlecion III brush 

Region II and m the coastal and ao fire the 

deficiencies and seasonally 
lands {31, 32, 31) (C-nap ) nnntiideration m some areas 

inadequate forage nutrition requ 
Despite these handicaps, i large pa 

range livestock eastern and western regions of the 

A comparison betwe cattle but fewer sheep m the 

United States shows that there are more catti ,, , o „ 1 for 

East (Fig 10) ror beef cattle, the^noEastto^ 

dairj- cattle 7 to 1, but ® “P ^ ^5 1 animal unit, the East has 

Allowing 5 sheep as eq ’r^est’s 21 060,000 animal units, or a ratio 

56,640,000 animals units to the West s zi,uow,u 

of 2 7 to 1 cml erosion has been severe On 

Over parts of t e region, for example, where the 

ovcrurazed areas of the tjreat ria«» * b ’ ^ 

^ , j , _ -t,- Vttahest in the nation, soil blowing and 

prctailinc ^vlnd \elocit>' IS the nigncbi «i La , j 

‘ ® rhe Great Bisin countr>% accelerated 

washing have been destructive, in tne r .u „n,Te 

L u ornhiem o\er three-tourths of the range 

erosion has become a major prooiciu 
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area, and in the southuest desert erosion has caused great deple- 
tion ( Conrnburmg to the detastaong erosion has been the breaking 
of the sod this w as done in parts of the semiand Great Plains, California, 
and the Northwest during penods of high gram prices or favorable 
precipitation c\ cles Regrassmg has resulted m stabilizing some of 
thc«e areas An extensue program of erosion control awaits action 



IV The Arctic Repon includes the \ast boreal coniferous forest 
association and tundra formation from British Columbia and Alaska 
eastward to Greenland and south to Labrador and Ontario Almost 
uninterrupted das light and nearK continuous night dnidc the scar 
77ie amount of precipitation sancs greatls and is highest along the 
coast- This region, characterized bs a grossing season of onls about 
2 months, nescnheless, broadls considered, supports three major plant 
associations coastal forest, boreal imcnor forest, and the treeless, 
prainclikc coscr of the true arctic and subarctic zone bordering on 
the Bering Sea and the Arctic Ocean (26) The tundra is less stable 
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. 01 . .e,ons in 

imetimes require half a ccntur) contrast, open herding and 

ijut}’ through fire or overgrazing. . f , ^ tundra vegeta- 

onservative grazing provides sustained utilization 

ion. . • , ,|,:c reaion. On the Alaskan 

Few sheep and beef cattle are 2““ improved bv crossing with 

ind Canadian nindra, reindeer, f jqipg nomadic enterprise. 

the caribou (RimgifcrMnfcoH), afford. P^ 5 

Initially, 10 reindeer were Lerican herd increased 

these and a few, small, later impor a ; , ^ Eskimos {24, 2S). 

to some 400,000, most ''":'t:i"ed h nun^ers as a direct result of 
In recent years reindeer hat e d 
wolf depredations and lack of care, 

continent seem favorable 

Possibilities of livestock expansion m 
in but few regions. Tropical Ame^ (Fig. 9.^^ B 
care of its demands for meat an livestock expansion. 

Nicaragua have the best immediate pr more important livestock 

UltimaSy, tropical Mexico should ^of Region II has 

country. The humid central and ""^eas^n^^ 
apparently reached the saturation p expand. The 

cattle and sheep, but hog raising increase in population of 

southern unit of Region II seems f diseaLs are more 

beef cattle as better blood is intro improved. The 

effectively controlled, and when pas moolv large numbers of 
arid west (Region III) will co^ 

quality feeders to the midwest, PP . apd local success 

numbers seems improbable despite so Arctic country 

in artificial reseeding of deplete rang ssibilities of expan- 

(Region IV), the reindeer ative winter grazing of the 

Sion. Its permanency hinges upon ,j, depleted and recuperate 

lichen and moss lands, some of whic 
slowly. 

Ratios of Livestock Hutnbers and Human 

The ratios beween human and for the extent of 

countries frequently accounts, among o ni, 16, IT, IS, 

importing or exporting of meat by t ese n ^ country is 

The most convenient way to indica human population, 

to compare the ratio of animal numi ers ^pd Australia 

In the ratio of sheep per person Union of South Africa 

second, Uruguay third, Argentina fourth, the Union 
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sheep to the human population (20 to each person) 
cattle Lruguas is first and Nett Zealand second 


Climate and Livestock Distribution 
Through trnl and error it is nott recognized that certain 

breeds of foraging animals are best adapted to air t jl 

regions In tropical countries Brahman cattle do 
in temperate climates European breeds of cattle arc best, d 

regions goats and fine-ttool sheep are most economical in 'he 
reindeer and caribou are the exelusite domesticated ungulates, n tt arm, 
humid marshes the stater bulTalo is at home Em ironmental adapta 
tion has hterallj resulted in a ‘climanc stratification of species an 
breed dismbution (30) Fominatclt, highland breeds are nott IcB 
frequentlt placed on lost areas, and nonhem breeds are less often rai 
in the humid tropics, also, the smaller breeds arc more gcncrallt selectco 
to graze on spa rscU \ egetated pasture 
The reason uHn animals become adapted to distinctive climates 
essentially in their anatomical and phvsiological make-up This is well 
illustrated in Brahman and European cattle Kcllev (20) has 
that the temperature of European cattle is highest about noon and tha 
the febrile state continues until the atmosphcnc temperature drops m 
the evening In contrast, the bodv temperature of Brahman cattle 
rises but shghtlv during the middav heat and is quickl) lost as the air 
temperature drops, p3rtl> because the> have a slower pulse than 
European cattle Also, the well developed sweat glands of Brahman 
caale exude large quantities of fluid, which cools the skin and bodv bv 
evaporation European cattle have onlv rudimentarv sw cat glands an 
have all but lost the capacic) to perspire, instead the> frcelv eliminate 
water vapor through the lungs In the tropics the tongues ot 
European cattle are commonlj extended and drip “saliva,’ whereas the 
respiration rate of intermingled Brahmans is onlv shghtlv increase 
Kellc) further notes 


When m the tropics, European cattle hav e abnormalK low hemoglo in 
indexes, whereas those of Brahman are equivalent to the indexes an 
red-cell counts of European cattle m temperate climates The resu t 
ing changes operate adverselj on the general constitution of the 
bodj, making it incapable of ad|usnng itself to environments with rug 
temperature 


Brahman cattle are more resistant to high temperatures than Bntt^ 
cattle, this partly accounts for their adaptability to the tropics Bra 
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man cattle have much skin surface, short hair, light surface-skin color, 
deeply pigmented skin underneath, and a chick hide. Short hair favors 
greater body heat elimination and gives less protection to ticks. Light 
hair color throws off much of the intensive solar radiation, as com- 
pared with deep color or a black coat. Also, the deeply pigmented 
skin underneath the hair-coat cells of Brahmans impedes penetration of 
strong solar rays and prevents skin bum. However, in localities where 
the native or Brahman cattle are below the environmental (climatic) 
potential, crossing with English breeds offers possibilities of improve- 
ment (30, 31). 

One of the complications encountered when livestock adapted to a 
relatively cool region are brought into warm climate is that of procuring 
reproduction. Most livestock breeds adapted to temperate climates 
tend not to mate during the hotter period, whereas warm-climate breeds 
will mate at any season. Flushing the animals, by reserving lush 
pasturage for the breeding season, is helpful. In the Gulf Coast strip 
of the United States the Brahman X Shorthorn cross has added vigor and 
has increased tlie calf crop (6). The Santa Gertrudis, a cross between 
the Shorthorn and Brahman, is becoming popular in coastal Te.vas where 
it has been perfected (30). In tropica! and semitropica! India, Brazil, 
Jamaica, and the Philippines, Brahman blood has been effectively intro- 
duced into dairy herds (22). At the other climatic extreme an effort 
is being made to perfect a cross betu’een the yak and the bison 
(Bison bison) for grazing on cold Alaskan and Can-adian ranges. 

Climate also profoundly affects the character and amount of forage 
produced. Cliapline and Cooperrider (7) found a direct correlation 
between the average annual precipitation and forage production. 

Sparse forage growtli, especially where the topography is rough, 
calls for employment of those breeds of livestock that can utilize the 
pasturage to best advantage. The hardy Hereford cattle— of strong 
“rustling” qualities— and the lighicr-bodicd, fine-wool sheep, arc well 
suited for .such areas. On the other hand, in the productive midwestem 
United States, Shorthorn cattle, with large capacity for food, and tl\c 
heavier breeds of medium- and long-wool sheep arc favored. Further 
intelligent selections and matings of species and breeds of livestock for 
specific climatic areas offer good economic possibilities. 
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Chapter 3 


PHYSIOLOGICAL PRINCIPLES AS 
APPLIED TO RANGE PROBLEMS 


Most native plant communities furnish sonic graying for In estocK and 
wildlife There is great dncrsit\ in the nature of plane communities 
and in the degree to which oxcrgrazing has influenced their present 
composition and dcnsit> Hasic to an understanding of the relations 
inaoKed and to the adoption of improacd land management procedure 
IS a hnow ledge of the underK ing biological sciences The principles of 
plant physiologv and plant ecolog\ apply dircciU to the improvement 
and maintenance of forage crops In this chapter we will consider 
pasture problems of a phvsiological nature 

Plant Physiology in Range Research 
Physiological studies of living organisms particularlv emphasize the 
chemistry and phvsics <f life processes Study of the phvsiology of 
plants differs from that of other organisms chicflv m the technique used 
Phvsiologv is concerned with changes that occur m the organism and 
with the mechanisms involved Phases of morphological structure 
which arc associated with and influenced b\ phvsiological processes 
will also be given consideration 

Range vegetation is composed of a great vanctv of plants and re 
searches hav e show n that some species endure grazing better than others 
The different reactions to grazing are accounted for b\ several factors 
chicflv b\ the location of the regenerauve tissue that gists nst to tiess 
leafage and bv the capacity of plants to set seed under grazing pressure 
Generalized study of the responses of plants to their surroundings— 
the habitat— has contributed less to an understanding of their charac 
tenstics than w ould be expected Greatest advancement m our know I 
edge of plant adjustments to climate soil and bi ilogical factors— 
collectivelv termed env ironment— has come from studv of the mor 
phology and phvsiologv of individual plant species Mam such m 
vestigations mav explain the presence dominance or absence of species 
in a given locality As an example characteristics such as size of plant 
40 
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extent of root system, leaf area, and leaf structure are usually associated 
with density and hydration of the cell sap and with rate of transpiration. 
A knowledge of the physiological requirements that determine the 
presence or absence of a species in a habitat enhances its value as an 
indicator of the environment. 

The application of the principles of plant physiology to range-land 
problems is in its infancy. This science should contribute much in the 
future; but this will be possible only if the range manager understands 
the many ways in which this science can assist him in solving his 
problems, and if the plant physiologist understands the problems con- 
fronting the range manager. Managers and technicians of range lands 
are primarily concerned with growing palatable stands of forage; they 
give little attention to the intricacies of growth of individual species. 
Physiologists, on the other hand, are not particularly interested in 
forage yield but are concerned with the mechanism of life processes 
of individual species as affected by the environmental factors. Both 
fields of work are useful; only a cooperative research work plan 
between them will make possible a sounder land-management plan. 

The topics discussed in this chapter illustrate the usefulness of 
physiology in the field of range management and range-livestock 
production. 

Roots and Root Systems as They Affect Range Problems 
The growth habits of roots of the different plant groups are distinc- 
tive. Some plants have roots that endure trampling better than others 
(Pig. 11). Some roots are fibrous and many-branched, as in grasses 
and grasslike plants. If parts of these fibrous roots are pruned off by 
trampling animals, growth of the remaining portion will soon replace 
them. The roots of other plants are succulent, woody, of taproot 
form, or generalized with respect to branching, as in various forbs, 
shrubs, and trees. A few, like big sagebrush, have a two-storied root 
system (Fig. IIF, G, H and I). 

The roots that give rise to the prmjary root systeift originate from the 
embryo and begin to develop when the seed germinates. Young plants 
arc entirely dependent upon the primary roots for absorption of water. 
Contrary to some textbook statements, the primary root s>'stem of many 
cereal and range grasses remains active for several months (SI), The 
later-appearing roots comprise the secondary root syste7n (Fig. IIB). 

Grasses and many other plants enlarge basally from shoots that 
originate from buds fomted at or below the soil level. If the shoots 
grow up inside the sheaths of the parent stems, a bunchgrass, such as 
fescue, is formed. If the shoots push through the sheath and run along 
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tbc '3i! sirrace to fo m i o’*s a mat is formed, as in Bermuda grass 
U ^ ^oow r-” urdergrrut'd o form rhizomes or rootstocks, a tough 
'od u [’’■o u eJ ^ in Kuituciv bluegrass These modified stems, 
to 00' 2od '■Q t- r^\s arc jointed and bear scales which are actually 
r-^djced Root> dc\e’op from the lower side of the nodes and 
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leafy shoots from the upper side. TTiese underground shoots give rise 
to new plants which also send out roots and rootstochs. In this way a 
dense network of rootstocks is formed, and new shoots or plants 
develop continually to replace the old ones (Fig. HE). In bunch- 
grasses the tuft enlarges year by year as new shoots are produced from 
the lower nodes of each culm, two or more being sent forth each year 
(Fig. IID). The dense tufts of Idaho fescue and similar grasses are 
composed of the young, leafy shoots which, tlic following year, are 
to bear the seed stalks. In densely tufted grasses only a few of these 
shoots actually flower {21). The life span of perennial grasses, 
although limited by heredity, is also influenced by the environment. 
Soils and favorable climate enhance longevity, whereas thin, dry soils 
and repeated close grazing shorten the life cycle by curtailing root and 
top growth. Plants of dry sices develop a widespread root system, 
whereas vegetation growing in moist, and especially in cold, soils 
forms a limited and shallow root system. Weaver and Clements (50) 
reported that roots of some native perennial grasses penetrated 6 to 12 
feet deep in well-drained soils. Absorption of water and solutes is 
restricted primarily to the area about 1 millimeter back of the root tip 
and to the chin-walled root-hairs which are located a short way back 
of the growing tips of the lateral branches. Accordingly, a large 
root system is advantageous. The extent of root development of 
plants subject to grazing is clearlv reflected in the vigor of the aerial 
growth. 


Morphology of Stems in Relation to Grazing 

Stems of vertical growth habit form the central axis of the shoot. 
Aside from displaying branches, leaves, flowers, and fruit, the stem 
transports water and nutrients absorbed from the soil particles and acts 
as a food-stomge organ. 

Horizontal stems, at or below the soil line level, give rise to 
vegetative reproduction, as previously mentioned (Fig. IIE). In trees 
and shrubs the ascending stems are woody and perennial, whereas in 
grasses and forbs, U’hich are herbaceous, the stems die back to the 
crou'n each year. Many semisucculenc half-shrubs characteristic of 
dry sites have evergreen (chlorophyil-bearing) stems, and the leaves are 
sometimes reduced to mere scales— an apparent adaptation to aridity. 

Although the selection of stems by grazing animals is not a physio- 
logical plant function, tlie degree of their udlizacion profoundly affects 
plant vigor, reproduction, and form of growth. Among other things, 
utilization of palatable stems depends on their growth habits, their 
content of the nonpalatable and only partly digestible cellulose and 
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hmin, their succulence and the presence of spines Degree of 
tion of palatable stems also depends on nhethet the branches are readily 
broken b> bending But regardless of host brittle the branches are, the 
taller 'pecies will remain \igorous because onK a portion of the 
stems can be remo\edb\ browsing whereas \oung palatable reproduc- 
tion or naturally low growing species may be descroved by exces^ve 
cropping The survivors tend to become ‘ bushy or otherw ise di^ 
torted Half shrubs like joint fur (Ephedra spp ) and highly palatable 
species like bitterbmsh (Pursha tndentata) are often reduced to multi 
stemmed, dwarfed plants as a result of too close browsing Stems of 
plants like horse chestnut (Aesailus calif omica) and cliff rose (Co'Z.ania 
stansburiana) are so brittle that they are readily broken w hen bent by 
zealous browsing animals Palatable succulent stemmed plants like 
cactus (Opimtia spp ) and heavily armed gooseberry (Grossiilarta spp ) 
are protected from overbrowsing by »hc presence of spines 

Physiology of Leaves and Maintenance of Forage Crop 
Leaves are the primary organs m the economy of the plant and 
animal world because, m the presence of light, they convert carbon 
dioxide and water into stored energy Through this process of photo- 
synthesis green plants supply and maintain our energy, among other 
things It makes possible the maintenance of our herds and w ildlife on 
the range By seizing some of the solar energy, the green plant svn 
thesizes a great vanety of organic compounds and mav, indeed, be 
regarded as the chemist supreme m the production of mvnads of 
organic materials 

The all important leafy organs of most forbs shrubs, and hardwood 
trees have two parts the expanded leaf blade, and the slender stalk, or 
petiole Leaves without a petiole like those of grasses and sedges, are 
said to be sessile Internally the leaf is made up of thin, mesophyll 
cells containing abundant chlorophyll The midnb and veins 
strengthen the leaf, they conduct the raw matenals-mincrals and water 
— fo the leaf tissues and transport downward the excess substances 
formed m the chlorophy 11 

Tlie energv required bv plants to cam out their life processes is 
obtained from the end products of photosy mhesis-the carbohydrates 
and fats \Vhen these compounds are transformed into carbon dioxide 
and water, the residual energy is hberated m respiration Fatty sub- 
stances and proteins arc indirealv demed from the carbohydrates and 
arc formed chiefly m the leaves Proper range use depends largely on 
the amount of photosv nthenc tissue (leafage) that has been produed in 
the spnng when the grazing season opens and on the amount of the 
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Yet correlation with a number of environmental factors 
l\ only suggest reasons for faiiore to survive Controlled e\- 
of specific environmental needs are desirable at each phase of 
It IS known, for example, that plants require different tern 
for specific periods of their development, such as germination, 
rowth, and fruiting Also, there is no temperature optivnnn 
til as was formerly chimed, but rather an optmial fiiictnation 
ncure as the season advances 

rtniate know ledge of physiological behavior and environmental 
mparable in detail to anatomical and morphological studies has 
1 attained for any important range plant, but there seems little 
hat such knowledge would aid in range management The 
use of plant hormones as weed Jailers illustrates the practical 
tint may be achieved from studies of fundamental living 
I.S m plants 


Seeds and Plant Propagation 

nd only in importance to maintaining the plant cover in strong, 
logical Vigor is the procuring of at least an occasional large, viable 
fruit crop To accomplish this, various physiological principles 
nqc management techniques have been developed (2, 4, IS, 19) 
n\ undertaking involving range revegetation, it is imperative to 
the germination percentage of the seed whether the seed w ill 
late promptK under favorable growth conditions 
I first step m germination, the cells of the seed become saturated 
moisture and, with addinonal oxygen and carbon dioxide, the 
mcr swelling ruptures most seed coats A second step after 
non of the cells is growth m response to the activation of 
1 cs such as diastase, winch digest stored foods m the endosperm 
rv Icdons, these stored foods being utilized m the grow th of the 

0 plant 

ds of some species fail to germinate prompcl> when thev are 

1 in favorable environment The terms donnaiicy or delayed 
nufoji arc applied to such “sleeps” seeds Dormanev is said to 
ought about because of one of the following causes (10, 16) 

'> H ater cattnot paietrjtc seed coatt,zs m hard coated seeds lAc bur clo\cr 
Uilfa Scanfication pcmuis ssatcr to enter and to snmuhtc Fcmwnanon 
rtL seed coats are reststaut to expansion of the etnbryo, is s\jth seeds of 
r 1 iDrasfica spp ) and pji,n ced iAwarand ut spp ) I^epmurc of such seeds 
c/mK and thawenp softens the coar and fasors germination (3) Gaseous 
e may I e resaried, as v. iih seeds of cocUebur (\anf/ turn spp ) and man> 
and comptiMtcs Gennmaiion is slow because the tissues adjacent to the 
o mhdii read) mtaVc of o'(>pen or pouibl> Idicraiion of carlmn din\,de 
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senuenc- of conoit.on, such as cold temperature followed by tvam, 
o’ the retcr, Gemjrat.ou mat be delayed regardles of 
conditions perhaps unnl ueathermg years dotsn a resistant coat 


l-n~ 12 Leases of a grass, a forb, and a shnib marked to sherw areas of gTcm^h. 
Note localized gro\>ing region (a, b) at base of grass leaf blade and of sheath 
In broad'leased plants growth is uraform throughout the leaf area- 

leaches a chemical inhibitor. The prodigal waste between seed pro- 
duction and seedling establishment in even the most favorable environ- 
ment is dramatically apparent. 

By conducting a plant census of a giv en habitat, it should be possible 
ro determine the phases of especial hardship through which all plants 
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must pass Yet correlation with a number of environmental factors 
can usually only suggest reasons for failure to survive Controlled ex- 
periments of specific environmental needs are desirable at each phase of 
plant life It is known, for example, that plants require different tem- 
peratures for specific periods of their development, such as germination, 
vegetal growth, and fruiting Also, there is no temperature optmnmi 
for growth, as was former!) claimed, but rather an optwial fiucttiatwii 
m temperiture as the season advances 
An intimate knou ledge of ph) siological behaMor and environmental 
needs, comparable in detail to anatomical and morphological studies, has 
not been attained for an\ important range plant, but there seems little 
doubt that such knowledge would aid m range management The 
recent use of plant hormones as weed killers illustrates the practical 
results that may be achieved from studies of fundamental living 
processes m plants 


Seeds and Plant Propagation 

Second only in importance to maintaining the plant cover m strong, 
physiological vigor is the procuring of at least an occasional large, viable 
seed or fruit crop To accomplish this, various physiological principles 
and range management techniques have been developed (2, IS, 19) 
In anv undertaking involving range revegetation, it is imperative to 
know the germination percentage of the seed whether the seed w ill 
germinate promptl) under favorable growth conditions 
As a first step m germination, the cells of the seed become saturated 
urch moisture and, with additional oxygen and carbon dioxide, the 
resulting swelling ruptures most seed coats A second step after 
h)dration of the cells is growth m response to the actuation of 
enzvmcs, such as diastase, which digest stored foods m the endosperm 
or coulcdons, these stored foods being utilized m the growth of the 
embr) o plant 

Seeds of some species fail to germinate promptU when the) are 
placed m faiorablc environment The terms dormancy or delayed 
^ermmatwn arc applied to such ‘slccpv* seeds Dormanev is said to 
be brouglit about because of one of the following causes {{0, 16) 

(l) U'ater camiot pe/ietrate seed coats, as m hard-coated seeds liVc bur closer 
and alfalfa Scanficauon permits water to enter and to stimulate germination 
(2) Some seed coats are resistant to expamton of the etnlryo, ns wjih seeds of 
mustard Ulrassica spp ) and pigweed {jimarambm spp ) E rpmurc of sucli seeds 
In frcewnij and thawing softens the coar and favors germmauon (3) Gaseotts 
ejclanne t/tj) tc ritarJed as w^th seeds of cocklcbur (\anrbtuni spp ) and man) 
|.ra«« and composites Germination ts slow because the tissues adjacent to the 
mhilnt read) intake of o\)gcn or possibl) liberation of carbon dioxide 
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(4) Eirbryor ntiy be dorj/sart or s cd$ msj have ctnhr><« not fully developed 
until well after the seeds h.vc I cen cast B mcraips (Rjnunctilin Jpp ) anJ 
(Ilex spp ) arc esinpl*> of tl ^ ^toup In mam seeds such after npcning peno s 
tale pLcc dumg the wm cr lentc they can be planted in the previous fall, but in 
some seeds the after ripen ng period is much longer 


The life span of seeds vanes from a few months to nunv >cars (/<f) 
This fact apparent!) accounts for the sudden and often unexpected 
appearance, under highU favorable germination conditions, of dense 
invasions of species that perhaps occurred sparsciv m former times 
For example, on burned chaparral areas which prcviouslv had long 
been protected from fire, thousands of brush and weed seedlings per 
acre come m where none was found before burning (20) 

Effective range utilization presupposes that ample, viable seed will 
be produced to maintain the stand of choice forage plants As stated, 
this IS possible only when the vegetation is kept m strong p}i>siologica! 
vigor 


Grating in Relation to Organic Food Reserves 
On any range area, removal of various amounts of growing hcrlwgc 
b> grazing is taken for granted Sustained pasture vicld. however, 
presupposes that enough leafage is left after each grazing season to 
fav or storage of adequate food reserves for reproduction, ov erw intcnng, 
and vigorous spring growth The question is often raised as to 
whether close, repeated spring grazing is injurious if the range is 
cropped lightl) m the autumn, or whether close midsummer and 
autumn grazing will injure the forage stand if spring grazing is light 
To determine the reaction of perennial forage plants to utilization 
problems it is necessary to stud) the quantit) of the organic food 
stored m stem bases and roots Most of the reserve substances stored 
in plants are composed of carbohv drates, fats and proteins Since the 
carboh) drates and fats provide the v/am source of cnergv for respira- 
tion and growth the) sre the storage substances quantitatjv civ studied 
As early as 1914 it was shown cxpcnmcntall) (/5»), and later b\ 
practical application, that deferred and rotation grazing were essential 
to maintenance of a good forage stand Sampson and Malmstcn (2?) 
assigned index v alues to represent plant \ igor These v alues vv ere based 
on calories of organic plant constituents contained m crowns and roots 
of clipped or grazed plants (Fig 13) For plants harvested (clipped) 
to 1 inch in height four times m a season for 3 consecutive >cars, the 
caloric index totaled a value of less than 100, for those clipped twice 
each ) ear it was about 250, and for plants han ested only once ) early 
the value was more than 300 Later several investigators studied this 
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problem On the western range, Sampson and McCarty (22) worked 
with purple or California needlegrass (Sttpa pulchra), McCarty 
{13, 14) studied wild-rve (Elyvms ambigitus) mountain muhly 
{Muhlenbei gia gracrZ/r), and wild oat {Aveiia fattm), McCarty and 
Price (IS) used mountain brome (Broimii carinattis), slender wheat- 
gnss {Agropyron trachycauhtm), stickv geranium {Ge^amtim vis- 
cosissnmnn) , and niggerhead (RtidbecKta occtdentciUs) , and Stoddart 
{28) studied bluebunch uheatgrass (Agropyron spicatinn) In Wis- 
consin, Graber et al (5) worked with alfalfa and other herbaceous 

Mountain bromegrass 
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Fic 13 Relatne caloric indices of plant nutnents m crowns and roots of moun 
tarn brome {Brovms luargtnatits) and slender wheatgrass {Agropyron trachy 
caithim) vhcn clipped once mice and four ames respectively per season for 3 
successive >ears Clipping four times per season resulted m star\anon and death 
of the plants whereas clipping once or twice per season left the plants \ igorous 
and productive 

perennials In England and Wales Stapledon and associates (26, 27) 
conducted clipping experiments in connection a\ ith reserve food deter 
tnmations Wemmann (32) has reviewed the results of underground 
reseiaes of grasses and has studied food reserves of some South 
African grasses (33) 

Rescr\e substances, also referred to as ''food reserves” or “reserve 
foods,’ arc organic materials produced b> the plant and stored at 
certain seasons in the plant organs where thev arc utilized in respiration 
or at a later stage for growth In grasses, reserves arc scored mamlv 
In the roots and rhizomes TIvc most important reserves are the 
carhohv drates, that is, starch and sugars, and the fats The more 
complex polv saccharides true cellulose, hcmicclluloses, and pentosans, 
arc csscntnllv smicmnl nurcnals and arc therefore nor subject to 
nufrmnntl plant supporc The specific form distnhution and relative 
proportions of individual reserve carboliv drates varv with the griss 
species (/) 
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Although the amount and the unlizanon of resene substances m 
storace ossue of grasses and other herbs are influenced b\ en\ ironmental 
factors (4) uorkers seem to agree on most of the following points 
(1) Spring groMth of perennial grasses is large or small according to the 
amount of food resen es stored m the basal organs dunng the preceding 
season (2) Food resenes m the underground storage tissues reach 
t\\o seasonal low let els, the first shonU after the earlt spnng growth 
has been produced, the second during zhe most rapid period of top 
growth m the summer (3) Storage declines more or less m proportion 
to the frequenct and closeness of the grazing (or clipping) (4) Re- 
sistance of species to grazing is accounted for b\ large amounts of 
resene substances stored m the underground plant organs, bt season 
and closeness of grazing, and bt growth characteristics such as 
prostrate form which pretents complete defoliation bt grazing 
(5) Maintenance of a producote range depends on keeping the tegeta- 
tion in a vigorous phtsjological state through the adopnon of manage- 
ment plans mtobmg moderate grazing mtensitt and, where practical, 
alternate seasonal grazing deferment. (<S) Perennial grasses and forfas 
must hate an ample suppK of organic food reserves in late autumn 
to obtain the much desired strong spring growth (approximate!) 
75 percent (15) of the total carbohv drates stored in aurumn is con- 
sumed m producing 10 percent of the initial spnng herbage growth) 
(7) Earlt, moderate spnng grazing, and cropping again at herbage 
matuntt in the autumn, neither matenalK depress accumulauon of 
resertc substances nor weaken spnng growth (8) Frequenth, close 
grazuig at iniimrure stages results m thinning our palatable plants, 
because of storage of organic food reserves in stem bases and roots 
insuffiaent for respiration and spnng growih (9) Winter mjurv , re 
duced root growth, and decreased drought resistance are associated 
with low concentrations of food reserves in the storage organs 
(10) Certain morphological difTcrcntianons that are mimical to trans- 
location of food rcsert es appear to be correlated w ith excessit e grazmg 
and low carbohtdratc levels (18) (II) The amount of reserve sut> 
stances m underground pans of range plants is reflected m their 
vitalitt, longetic), herbage vield, root development, and seed produc 
tion Qose grazing throughout the growing season results in starvmg 
and thinning out of the more desirable species (2) 

Figure 14 shows growth curves and total carbohj drates m under 
ground organs of treated and untreated California needlegrass plants. 
The figure tjpifies for this region the seasonal pattern of reserve 
substances Minimum caibohvdiate levels occur after mception of 
spnng growth and again dunng the rapid summer growth penod, for 
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Fio. 14. Pattern of dailj’ and of seascmal cuntulatnc trrouth of undisturbed 
specimens of California ncedlegrass {Stipa pulchra), and of the total Ict'els of 
carbohydrates in stem bases and roots of treated (clipped) and of untreated plants 
Note the relatively low percentage of carbohydrates in the spring (December to 
Fcbruar>') after growth has started, and the still lower levels of this constituent 
in the summer (April to May 15) when the growth is most rapid. 
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both treated and untreated plants This is follow ed b\ a sharp rise m 
resers e substances near the end of the season s grow th acm m 

Seasonal Changes m Nutritional Values of Forage 
An equall) essential field from the tiew point of the welfare of the 
animals grazed concerns the nutritional Icicls of the edible portions of 
the chief forage and browse plants 

Although chemical anal>sis of herbage samples us not a specific 
measure of their digestible nutrients such data signif\ the approximate 
food salue of a plant when considered in the light of digestion trials 
made with similar species Wholesome forage, high in crude protein 
and low in crude fiber, generallv has desirable nutritiie \alue On the 
other hand when growth is more adxanced so that the crude fiber and 
lignin contents are high, digcsoblc nutnencs arc low (28) Moreover, 
forage stands that decline to a low phosphorus content are hhelv to 
cause certain livestock deficiency diseases, indeed, abnormally low 
percentage values of any essential constituent m range forage can cause 
animal nutrition disturbances {6, 11) Malnutrition diseases such as 
brittle bone in grazing animals have been reported from manv areas of 
the world The percentages of forage nutrients decrease wirh advance 
ment in growth stages, and the lowest levels occur m standing forage 
that has been leached and bleached 
Correct appraisal of the food value of forage species presupposes 
knowledge of their seasonal pattern of organic and mineral constituents 
Such patterns determine the need, if anv, of supplementing the range 
forage with suitable concentrates (see Chapter 14) 

Nutritive values of range forage plants \ar> w idcl> , notablv because 
of inherent divsinulantv in chemical levels of species, nature of rhe soil 
t> pc, weather, and stage of matunt>— stage of matunt> having the most 
profound influence Hopper and Nesbitt (//) of the North Dakota 
Agricultural Experiment Sutton and Gordon and Sampson (7) of the 
California sution concluded that the chemical values of a given species 
varv more dunng its entire growth c>cle than the values of various 
species at anv single growth stage 

Lush (/2) of the Louisiaru sution reported that the seasonal trend 
in pasture grasses is from high moisture and high crude protein in 
spring to low moisture and low crude protein b> midsummer 
Sunlev and Hodgson (25) found that range grasses m Arizona declined 
in protein carotene, calcium, and phosphorus from early growxh to 
the winter period Fraps and Fudge (5) of the Texas station noted 
that protein and phosphorus were often deficient m winter Watkins 
(29) of the New Mexico station reported that the phosphorus require 
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ments for cattle were not met in the grasses analyzed after the peak 
of the growing season. Morrison { 17 ) concluded that protein and 
other constituents of young grass are apparently always adequate for 
li restock. 



Fig. 15. Patterns showing percentage of crude protein, crude fiber, calcium, 
and phosphorus in a common grass, forb, and shrub at corresponding stages of 
development. Note the relatively narrow ratio of calcium to phosphorus in the 
grass at all growth stages and the widening of this ratio towards maturity in 
the filarcc and the elder (7). 

The composition pattern, as reported for pasture plants common to 
Cilifomia foothill lands (7), will serve to illustrate typical nutritional 
characteristics of range-forage species (Fig. 15). 

Closest correlation in composition in the cyclic march from spring 
growth to maturity was obtained by collecting samples in distinct 
growth stages rather than by chronological dates. These stages u'erc; 
early leaf stage; just before flowering; full bloom; seeds in dough 
stage; seeds mature; plants mostly dr>'; plants drj’ or weathered. 
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In mo.' gra.^es gra s'l.e specie, .id forbs there was a continuous 
and rather orderK decline in th- p-rcc'^tages of crude protein, silica tree 
2 .h phosphorus and potassium ^'-om th'* earliest appearance of leafage 
to plant matunts The percentai,e ot c’nide fiber in these plant groups, 
on the other hand increased ui h aatancement m the season e 
most rapid changes in con'^tituents took place from earU leaf dexelop- 
ment to the period of full bloom In sharp contrast, the calcium 
levels in deciduous shrub, and mm forhs either increased (or decline 
onlv sliehtlv ) with matunu but d'^clincd appreciablv m grasses 
(Fig 15) 

Both annual and perennial grass'^ were high in ash and crude 
protein from the earU leaf stage up to full bloom The grasslike 
swale plants (sedges and rushes), although not especiallv high m crude 
protein and mineral levels at anv time, provided nutritious forage after 
the drv land grasses w ere mature and of low food \ alue 

Most forbs and shrubs of the California foothills, as in mans other 
localities fall into two forage categories species such as bur-clover 
(Medicago hispida) and redstem filarec (Crodiwfi ctcutariirtu) which 
have a short v cgetativ e period but maintain a high level of protein and 
ash content w ell into the late flow enng stage, and speaes like w hiteface 
lupine (Lupimis albtfrons) and wedgeleaf ceanothus (Cejnothus citns- 
atus) which have a long vegetative period and arc characterized bv low* 
levels of ash and protein when the flowering penod is reached 
From the viewpoint of chemical composition the following charac 
tenstics should tvpifv the better herbaceous range plants (0 the 
interval between the beginning of growth and the flowering penod 
should be long, (2) the crude protein content should remain at a 
relatnclj high level after the blossoming penod and until the seeds 
^^'^Sh stage, (3) even after seed dissemination a portion of 
t e aal leaves and stems should remain succulent, (4) m species 
w ose basal herijage and stems mature carlv , a large proportion of the 
see s should he retained after the aenal growih has become drv 

prev lousU stated the calcium phosphorus ratio of range forage 
3 so of significance in animal nutntion It is not onlv important 

t at t e ‘^rage contain ample levels of calcium and phosphorus, but also 

t c ratios of these minerals to one another should be fairlv close, to 
favor satisfactorv assimilation (J) In some range species the per 
centage o wlcium changes little from carlv growth to matuntv, 
whereas the levels of phosphorus decline consistentK, thercbv causing 
disproportionate ratios and poor assimilation of both these minerals m 
the later plant stages An ideal raao of calaum to phosphorus is 1 L 
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but Aiornson {11) reports no ill effects from a ratio as wide as d 5 1 
An ample supply of vitamin D appears parth to nullify the otherwise 
lU effects of moderatel) w ide rauos of these minerals m the forage 
Grasses tend to have a much closer rauo of calcium to phosphorus 
than other plant groups In all grasses studied in California the calcium- 
phosphorus ratio IS near 1 I at all growth stages (7) In many forbs 
and shrubs, on the other hand, the ratio of mature leafage is surpnsingh 
wide For example, in mature leafage of redstem filaree {Erodumi 
ctcmarmn)^ tomcat clover {Trtfoliwn titdeiitatmn)^ and fineleaf lotus 
{Lotus subpmmtus) the higher ratios recorded were 13 0 1, 24 7 1, and 
27 9 I, respectively, and in maaire leaves of such common shrubs as 
California buckeye {Aescuhis caU^omtca)^ blue elderberry {Smnbucus 
caenilea)^ and blue oak {Querciis douglasn) the higher ratios noted 
were 23 9 1, 50 7 1, and 15 4 1, respectively The choicest forage after 
plant maturity consists not only of those species with a desirable 
calcium phosphorus ratio but also those having moderatel) high levels 
of crude protein, vitamin A, and total digestible nutrients 

The Role of Hormones and Vitamins 
Among the chemical factors chat affect both animals and plants, 
the hormones and vitamins deserve consideration Both are chemical 
substances required m micro quantities by the animal body The dis- 
tinction between these two types of substances from a metabohc view- 
point is somewhat arbitrary The term hormone is applied to chemical 
substances produced in one part of the animal organism, usually in 
special glands and utilized in micro quantities bv tissues located else 
where Examples are rhyroAine, epjnephrm, and msuhn Vitamins 
are chemical substances also used in micro quantities, but not all are 
produced in the animal body Examples ire \iciniins A, C, D, and the 
quite different compounds nnking up the B complex 

Bin sioi o( {< M Rfaciion oi Hormonls 
The plant hormone auxin (mdoleacetic acid) is the onh one 
conclusueU demonstrated to influence actnities of plants It is 
produced m root and shoot apices, from which it diffuses, and is 
associated w ith such phenomena as tropisms, bud inhibition, root pro- 
duction, and tillering Vitamins also are produced bj the plant and 
enter mto csscntialU the same ph> siological reactions within the plant 
as ihc\ do within the animal AccordmgU “growth substances’ is a 
better term to use when discussing hormone vitamin and other such 
little know n substances in relation to their influence on plants 
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Vitamm A 
Vitamin B complex 
Nicotimc acid 
P-intothemc acid 
Riboflaain 
Tluamin chloride 
Others 


Vitamin D 
Viosterol 
Calciferol 

Vitamin E 
Tocopherol 
Others 


Vitamin C (ascorbic acid) 


Vitamin K 


Vitamin A or Anti Infective Factor This fnc-soliiblc \ inmm is 
ingested by the animal in the form of a precursor, carotene^ uhich is 
found abundantly in growing plants and m green cured Inv Animals 
subsisting on a diet deficient in vitamin A are usuall\ more susceptible 
to specific infections, especiailj of the epithelium or of the mucous 
membranes of the respiratory tract, than those recenmg ample amount 
of this vitamm Vitamm A in combination with certain other vitamins 
and CO enzymes is necessarj for normal de\ elopment and reproduction 
of animals Herbivores obtain a rich suppl) of vitamin A from green 
pasture, whereas man gees this factor from foods of animal origin— 
milk fat, egg yolk, liver, fish-luer oil— and also from green and yellow 
vegetables 

Although greenness of hay indicates the presence of carotene, the 
loss of this substance from plants is much more rapid than is the loss of 
the green color, hence carotene content cannot always be judged by 
appearance alone {3, 9) Ripening or mature pasturage or bleached 
(nongreen) hay contains httle carotene {24) Since vitamin A is stored 
m the liver of most animals from food rich in carotene, the health of 
these animals is protected for various periods when thex are subsisting 
on a diet low in this precursor 

Vitamin B Complex or Anti-Wcuritic Factor More than half a 
century ago, when polished ncc provided the mam food of man m 
oriental countnes, ben ben a disease that causes loss of appetite and 
degeneration of the gastro intestinal tract, was widespread The dis 
covery, beginning in 1897, of preiention or cure of the disease by 
feeding the whole (unpolished) nee gram, or extract from rice mill- 
ings provoked much study It is now known that the vitamins of 
this complex have man> diverse functions, not onl> do they affect the 
gastro intestinal si stem but also the nervous si stem, and thej are ap- 
parently essential to the health of all living cells Such complexes as 
thiamin chloride, ribofla\m, and nicotinic acid function to complete the 
structures of certain enz\ mes that are part of enz> me systems neces- 
sary for oxidation and assimilation of carbohjdrates (battle and some 
other ruminants evidently need not ingest B complex vitamins, since 
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these are apparently synthesized bv certain bacteria in the digestive 
tracts of these animals Man finds rich sources m milh, u hey , b' er, 
kidne>, meat, and yeast 

Vitamin C or Anti-Scorbutic Dietary Factor Although this \ jtamin 
IS apparently not necessary for luestock, scur\> is a serious disease of 
some animals whose intake of \itamm C is low Scura> is associated 
with brittleness of bones, swollen joints, inflammation of gums, loosen- 
ing of teeth, and sensitiveness Man, monkey, and guinea pigs store 
vitamin C for short periods m the adrenal cortex, but such reserve is 
soon depleted when these animals subsist on a diet lacking m vitatmn C 
Apparentl) , not all animals arc subject to scun > Oilv cs hav e been 
raised successfullv without the anti scorbutic factor Cattle, hogs, and 
poultry either synthesize vitamin C in the digestive tract or have a low 
requirement for this factor Of the animals studied, onl> man, other 
primates and the guinea pig apparcntlv have no capacitv to synthesize 
this vitamin Man obtains his requirement chicflv from fresh fruits, 
especially citrus and from bcrncs green vegetables, and htmtedly 
from milk 

Vitamin D or Anti-Rachitic Factor Punciioning m the riormal 
calcification and phosphorylation of bone m voung animals, vitamin D 
must be abundantly available during pregnancy, lactation, and growth 
Vitamin D is supplied by the consumption of suitable foods, by inges 
tion of matter secreted from the glands, as in grooming the body by 
licking and preening, and by absorption of the products of insolation 
formed on or m the skm through a precursor, ergonerol Livestock 
get most of their needed supply of this factor from exposure to sun- 
light Fresh green pasture grass contains httlc or no vitamin D, and 
sun cured hays and fodders contain onlv a small amount The name 
anti rachitic refers to the property of this vitamin to prevent rickets 
when the diet contains adequate calcium and phosphorus m desirable 
proportion Human beings obtain concentrated supplies from fish liv er 
oils butter, egg y oik, and milk 

Vvtemwi E t>i Anti SteiAity Factw This vitamin, hke vitamin A, is 
needed for normal reproduction of many animals, including man, 
chickens, and rats Expenmental evidence of the requirement of 
vitamin E m the feed of cattle has not been fully confirmed In the 
rat, lack of vitamin E causes death and reabsorption of the fetus 
failure of pregnancy, sterility m males In addition to the function 
of this vitamin m the promotion of growth, it also influences muscular 
control and the health of nerve cells Injury to specific tissues caused 
by the lack of vitamin E entails irreparable damage Seeds nuts, green 
herbage, and fresh vegetables are nch m vitamin E 
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Vitamin K This little kno\\n» fat soluble vitamin factor functions 
in the clotting of blood, it is essential to chicks and presumibh to other 
animals This vitamin is found in fractions of various unsaponifiable 
animal and plant fats, alfalfa providing a rich suppl> Ordinary poul- 
try rations and pasture forage seem to contain enough vitamin K to 
satisf) requirements Both this factor and certain synthetic substances 
are used m medical clinics for protection from sev ere hemorrliages 
Other Vitamins Several other factors necessary for normal grow th 
and development of animals have been im estigated, but kno\\ ledge 
concerning them and their relation to Inestock is even less understood 
than those discussed 

Application of Vitamin Studies to Range Management 
Since the vitamin B complex and vitamin C are evidently synthesized 
in the digestive tract of grazing animals they are of no concern \\ here 
there is ample, nutntious range forage Likewise, vitamins D and E 
are seldom if ever deficient m the bodies of range livestock In the far 
north, however, insufficient ultraviolet light m xMnter could fail to 
react sufficient!) on the precursor ergosterol in the skin to form ade 
quate amounts of vitamin D On the other hand, vitamin A, Mhich is 
sensitive to heat and light is hkel) to become deficient where stock are 
pastured for long dry periods on dry bleached pasturage The symp 
toms most commonly observed in cattle are birth of dead or weak 
calves, commonly associated with retained placenta, severe diarrhea in 
newborn weak calves, and eye lesions particularly in immature animals, 
causing night blindness or inabih^ to see in dim light Deficiencv of 
this vitamin may be remedied by supplemcntmg the animal s ration aiith 
yellow corn or with green, well cured alfalfa hay (5) Better still, the 
animals should be placed on fresh green pasture Palatable evergreen 
browse is also helpful When vitamin A deficiency is suspected, a 
sample of the liver or blood of a suspected animal should be sent to a 
reliable laboratory for analysis 

Certainly the vitamin requirements of pasture animals and other farm 
stock IS a promising field of further nutritional research 
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Chapter 4 


PLANT ECOLOGY AS APPLIED 
TO RANGE PROBLEMS 

In the preceding chapter it was pointed out that niant range problems 
can be soUed b> ph\ siologtcal plant studies However, since cverv 
en ironment has manv dn erse facets, it must he inv cstigatcd from man) 
angles mv oK ing v arious field measurements TIicsc studies— w hich are 
outside the sphere of the ph\ siologist-call for the ecologist ssho is 
trained m \ egctal techniques and is qualified to s\ nthcsi7e the researches 
of related studies 


Plant Ecology m Range Research 
A1 hough vanous practical ecological field measurements were cm 
ploved earlv in our civilization, it was probablv not until in the 
1880s that fhe German botanist, Hackcl, presenred the word ecohf(y 
to the scientific public The term is denved from the Greek, word 
oikos, meaning home, and logos, studv Definitions of ccologv have 
been in keeping with the ongtnal ctvmolog) 

Ccologv mav be broadlv defined as a studv of reciprocal relations 
betw een organisms and the env ironment More specificall} , ccologv is 
that branch of biolog> that endeavors to explain the origin, variation, 
and function of plant and animal structures and the nature of v egctal 
and animal communities Pbnt ccologv, as is implied, emphasizes the 
study of plants and their environment, animal ccologv involves the 
studv of animal organisms in relation to their habitat 
Although ccologv , per se, implies consideration of the interaction of 
all the organisms m a giv en habitat, Oements and Shelford (tf) attempted 
to clanfv these relations bv proposing the term bioecology This term 
covers the coaction of the habitat and the biota as a whole including 
both animals and plants The vegetation exerts the dominant influence 
on the environment, however, damage to the vegetation mav tern 
porarxl) cause animals to exert the greater influence on the habitat 
As an example, on overgrazed range lands the characteristic increase in 
62 
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rodents may result m marked change in the soil and in the developmental 
trend m the ^ egetation 

Field study of ecology has a t\\ ofold approach The first considers 
the ecology of the indi\ idual organism in relation to its environment 
and IS termed aiitecology^ or the ecology of the individual This may 
include consideration of genetic historv, morphology, and reproduction 
of one or more species in relation to the environment The other 
objective considers the vegetation as a whole m relation to climate, 
soil, and the biotic factors Study of this nature is termed synecology^ 
physiographic ecology, or merely the ecology of vegetation These 
two stud} aspects— autecology and synecolog}^— cannot be kept entirely 
separate if complete information on a plant cover is to be obtained 
(23, 27) Both proMde a source of useful information on the con- 
servation of our natural, reneu able resources 

The Plant Community 

On any natural land area, different plant species are grouped together 
on sites congenial to their hfe-history requirements These patterns 
of \ egetation, some large, others small, constitute the so-called plant 
communities or social units If the community becomes the center of 
research interest, it must be considered m all its details its extent, the 
period of its development, the quality of its structure, and its relation 
to climate, soil, and all biological influences {3S) 

Within a large forest or grassland area many plant communities may 
occur In rugged terrain, for example, three communities might be 
found a grass}’' meadow, a coniferous forest, and open woodland or 
grassland Each of these communities is clearly distinguishable by 
species and aspect The term communit} does not distinguish bemeen 
successional rank of the vegetal units, and the different plant com- 
munities are designated best b} the dominant species of their cover 
Although the subject of ecology is admittedh overburdened with 
termmologv% the following terms pertaining to classification of the 
communicv are defined here because of their usefulness m studying 
range vegetation 

Colony A plant communit> of nvo or more species, which is joung m 
‘lc\elopment and is therefore subject to replacement by more permanent aegeta 
Uon Society' A rclamclj stable co«imumc> dominated locaU> b> one or 
niorc species that arc merely subdominant withm a larger acgctal unit Both 
fltperr and layer societies arc rccognired Aspect societies arc espcciall) dis- 
cernible during the main blossoming period or while m ga> foliar coloration 
f^jer societies are recognized In the presence of low stature plants such as 
•This dcfiniuon is m contrast to ibe term societies in animals which implies 
nujtual attracnon of indivaduah through characteristics of the n-nous sjstem 
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grasses which form a distinct egeta! level under tall forest or brush Aisocu 
lor The grojpmg together of two or more homogeneous societies of similar 
life form within a climaac unit recognized by t!ie dominance of t\vo or more 
species Ccrsoaaiwn Communmes where 70 percent or more of the plant 
cov er is composed of a single climax species such as buffalo grass in the short-grass 
plains or a pu'e stand of ponderosa pine m a coniferous forest Plant fomiatton 
The most extensive climax of a common life form within a region of 
chmate, including two to several closeI> related associations, such as *>1 
grassland associations or all assoaations of hardwood forests Recogmtion of t e 
formation is especially useful in geographical studies 


Life Forms 

In any detailed studv of vegetation, the initial step is to classify the 
cover into dominant life forms such as grass, forbs, shrubs, and trees 
This classification reflects the character of the environment and often 
indicates the best uses of the land A more refined classification of 
life forms, especially popular among European ecologists, \v as proposed 
bv Raunlxiaer (25), who recognizes five divisions based on their 
adaptations to endure the unfavorable season (Fig 16) 

1 Tberophyus Atimial grasses and forbs that pass through the unfavorable 
season m the seed suge and complete their life cycle (from seed to seed) m one 
growing season 

2 Cryptophytet Plants whose buds or shoot apices sunive the unfavorable 
season in the ground, or at the ground level if they are growing in water 
Cryptophytes are divided into three groups gfopbytes, including all land plants 
w ith subterranean buds— bulbs stem tubers, root tubers, and rhizomes, helopbytdt 
marshland species whose surviving buds are m water or mud but whose top growth 
IS above the water level, and hydrophytes, wmt plants whose reproductive buds lie 
at the bottom of the water-not necessaniy embedded in the mud— and whose 
vegetative shoots arc submerged in vvater so that only the flowers nse above the 
water level 

3 Hetmeryptophytes Perennial bunchgrasses and similar plants whose shoots 
die back to the ground surface at the beginning of the unfavorable season leaving 
the reproductive buds protected by the upper soD layer and the remains of the 
weathered plants 

4 Chjmaephytes Sodgrasscs and grassJike plants with buds situated on decum 
bent shoots, or stolons, which lie on or very near the surface of the ground In 
cold regions the buds are protected by snow , in hot, dry areas by the remains of 
the withered plants 

5 Phmerophytes Trees, shrubs, woody lianas, and stem succulents with buds 
not conspicuously protected, which extend into the air on stems that persist for 
several years 

A broad census of the dominant life forms m a plant assoaation or a formation 
may be made by sampling various communities (34) A letter or a combination 
of letters is used to designate each bfc form (Th> therophytes (Cr) cry prophytes, 
(H) hcmicryptophytes, (Ch) chamaephytes, and (Ph) phanerophytes The 
summanzed data, the “biological spectrum" of the formauon, show the distnfaution 
of the life forms and indicate the character of the climate 
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theroph\tes 

Common mustard 
fBrawira) 

Wild oat 

Annual fescue (Fwfuca) 
Russian thistle (Salro^a) 
Tumbleweed (^moranl/mj) 
Vetch 

Filaree (Erodiam) 


CR\ PTOPHNTES 

IlYOaorHVTES 
Pondweed {Polomagetmi) 
I Pond lily {Nimfhaea) 

HeuaPHYTES 

5 Cat tail (Tyffta) 

Rush (/unniJ) 

GEOPnVTES 

4 Common mushroom 

(Agancus) 

5 Lily iCahehortMs) 

6 Ins (fnr) 


1 Strawberry (Fragana) 

2 Violet iVtoIa) 

3 Balsam root 

(Balsamffrrliisa) 

4 St Johnswort 

Yarrow iAcIntlea) 
Sedge (Corex) 
Larkspur iDelfUtntvm) 



CIIAMAEPinTFS 

1 Twin flower ^Liniiaea) 

2 Bermuda grass (Cynodw) 

3 Sandberry (/IrrtorfaMyJor 

Kiaurri) 

Slone crop (5rifiim) 

Bell flower (Cowfamilu) 
Mat bawWsbeani (Crc/’ir) 
Beardgrasa (Androf'ogt^) 


PilANEROPHl TES 

4 Giant cactus (.Cereus) 
Redwood (Sequoia) 
Oak (OuercMi) 

Grape (Kitii) 

Willow (5a/iJ-) 

Pine (Pinur) 

Madrotic (ArbutHs} 


1 Barrel cactus 

(Efftiuocortur) 

2 Sagebrush (^rtcm.ria) 

1 Chamise (Adenostitmoi 

prickly pear 
Manr-smta 

(Xrefoif 0 P/i'*O 4 ) 

W'hitethorn {Ceffl«oth«) 

Spurge (Capfcorbm) 

Rabbitbrush 

(Chrsiothomm**) 

. . nlmc classes, based upon their 

F,. ,6 
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marked, because severe competition makes replacements in the plant 
cover slow and inconspicuous. Sometimes, notably under grazing use 
or by fire, a mbclhmx or subfinal stage of plant development may exist 
for a long period. 

On only slightly disturbed areas the native vegetation ultimately 
remains reasonably stable. The entire cover is composed of the 
species that could best endure the existing conditions of soil, climate, 
and plant and animal competition. Even on bare areas there is a con- 
tinuous struggle among plants for a foothold and nutrients. The 
struggle goes on in every place that can support plant life, from bare 
rocks, seashore, or swamp, to rich forest lands. Those plants will 
survive that can best endure adverse conditions or that thrive best 
under favorable ones. Whereas plants arc governed by their environ- 
ment, they in turn work changes in it. Tliese changes, slight as they 
may be in any one season, react upon the plants, which must adjust to 
the changes or give way to other species better fitted to the altered 
conditions {IS, 29, 3S, 40, 41), 

Stages oi Succession 

The normal vegetal development from bare rock with a sparse lichen 
cover to a well-developed soil supporting perennial vegetation usually 
passes through five fairly well-defined stages (Figs. 17 and 18). 

Initial or Pioneer Stage 

Initial development begins on bare rock where U’indborne sporidia 
of hchens adhere, germinate, and form small, grayish-green patches of 
growth (Figs. \1A and iSA). The lichens corrode the surface of the 
rock, and grains of dust and spores of mosses catch in the uneven surface 
cf the lichen or around its edges. As the moss develops and catches 
more dust and holds water from rain and snow, the rocks are cracked, 
slowly disintegrated, and partly dissolved. Thus nutrients are made 
available for higher plant life, and more soil is formed and held. 

Transition Stage 

Some seeds of shallow-rooted annual flowering plants gain a foothold 
on the scant soil developed by the pioneer invaders. The plants of the 
initial stage give way as these annuals increase and form the transition 
stage (Figs. 17B and 1811). 

First Herb Stage 

At the advent of the first herb stage the soil is coarse and has low 
watcr-liolding capadcj' and limited organic matter; hence the invading 
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plants are ‘hallow rooted and earU maturing This cover indicates 
conspicix oslv l<iw fonge value (figs I7C and IRC) 


Dense stand of deep-rooted 
bunchgrosses.or shollow -rooted 
sodgrossesj little otherveg 
etotion 

Pirnox or finot stage) i 

Loomy,fine,grovelly soli, rich in 
orgonic molter, avoilcble mois- 
ture content high 



1 


Iperenniol forms, with some og- 
1 gressive grosses, sometimes ori 
' loccoslonot shrub 

1 Second herb stoge) 

txomy, slightly gravelly soil con 
fotning moderate orgonic mat- 
ter, ovoilable moistore content 
moderate to high 

( ! 

i ) 

Early maturing onnuols ond 

A Shallow-rooted, Short lived 

V perennial herbs 

(First herb stoge) 

Gfoveily toom, little orgonic mot- 
ter, ovoitoble moisture content 
moderote to low 

\ J 


\ 

Folloceous lichens ond mosses, 
sparse eorly maturing onnuot 

0 herbs 

(Transition stoge) 

Coorse seml-decomposed rocK, 
OYOlloble moisture content tow 



\ 

Algoe and crustoceous lichens 
(Initial or pioneer stoge) 

1 ' T ^ 

iBore rock formotion 

1 (Initial decomposition) 


[ Vegetotion ond soil developmenT| 

Tic 17 Typical stages m plant and sod development from the initial succession 
on bare rock to a perennial cover on well developed soil where grass constitutes 
the climax 


Sfcom> Hutu SrAOF 

With continued formation of soil and humus, the plants of the first 
herb stage are replaced by perennial broad-leaved herbs and a few short- 
lived perennial grasses, that is, by second-herh-stage plants (figs MD 
and E and 18D) Usually this stage is invaded by plants of various life 
forms and eventually passes into a mixed grass-and-forb cover 
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Flo. 18. Trends of plant invasions on range lands n here grass constitutes the 
climav vegetation. A, Pioneer or mirial stage. B, Transinon stage. C First 
herb stage. D, Second herb stage. E, Mised grass and herb stag^ F, Chmav 
stage of deep-rooted perennial grasses. 1. Lichen. 2. .Moss. 3. Tanveed. 4. 
Knottveed. 5. Annual fescue. 6. Red brome. 7. Fescue. 8. Don ny chess 9. 
Yarrow. 10. California brome. II. Tongue-leased violet. 12. Aster. 13. 
Shossy mellcgrass. 14. Idaho fescue. 15. Lupine. 16. Junegrass. \7. Small 
ncedlegrass. 18. Kentuchy bluegrass. 19. Smooth svild-rye. Intermediate ele- 
\ation, California. 
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Successional Behavior on Denuded Range Areas 
Areas that formerly supported a perennial grass cover but were 
denuded by overgrazing or plowed and abandoned typically piss 
through four to si\ successional stages before reaching climax These 
stages are comparable to those described above. 

A good example of succession'll behavior of denuded grassland is il- 
lustrated by Shantz (3J), who studied the revcgecation of abandoned 
roads on short-grass range in eastern Colorado Under conservative 
range use the natural vegetation consisted largelv’’ of blue grama 
{Boiiteloua gracths) and buffalo grass {Bucbloe dactyJotdes) The 
grama-buffalo grass assocntion predominates throughout the central 
portion of the Great Plains region If it is plow ed and abandoned after 
having been cultivated for some years, the nati\ e grama-buffalo grass sod 
will reg«im dominance m from 25 to SO years A similar period is 
required to revegetate areas denuded by overgrazing The following 
successional stages typically occur 

(1) An early herb stage of rather scattered annual plants largely forbs 
(2) A heterogeneous late herb stage of annua) and shorr-Jned perennial forbs of 
such density as to utilize the water axailable for growth (3) A short-li\ed stage 
of sqmtreltop {Sttanton spp ) and similar growth forms (4) A perenmal stage of 
fairly tall bunchgrasses (5) An earl> short-grass stage of buffalo grass and 
muhly {Mtihlenber^ia spp ) (6) A late or climax short-grass stage of blue 

grama buffalo grass leading to formation of a sod 

On these denuded lands the soil is well supplied with water, and 
conditions are favorable for seed germmsaon and plane growth The 
successional pattern is largely determined by the amount of seed that 
enters the denuded area, germinates, and becomes established Since 
blue grama reseeds slowly, it is the last to become reestablished As the 
climax sod cover gams dominance, the nonsodforming species disappear 
because of competition 

Other Successional Grassland Trends 
The successional sequences outlined above may seem somewhat 
theoretical, but the trends indicated are repeated time and again, with 
some variation under different intensities of grazing and climatic vana- 
tions Fire, overgrazing, and/or protracted droughts may cause the 
climax vegetation to give wav for a time to plants of low er successional 
stages 

An illustration of successional trends up or dow n the scale of develop- 
ment according to the degree of pasture use is shown for two different 
climatic regions m California The column to the left depicts sue- 
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cesjicn.l trends n the annual ^rassand coser of the foothills, and the 
column to the nght shnus ■imilar trends in the perennial grass associa- 
of *hc mojnnms 


Anslsl Rusce j . 

A High Anma! St-^e 
(Liffht to moderate 
prazin?) 

W lid oits (Aieru 
SpD ) 

Soft chess (Brown/J 

Declm mollts) Impto 

tng Rip-nit IBrmmis mg 

Range rigidtis) Range 

Bur-clos cr ( \ledteago 
htptda) 

B IntenitediJte Anmial 

Stagf 

(Moderate to heat-s 
grazing) 

Fostail fescue (Fettuea 
rnegjhxra) 

Filarec (Erodium 
spp) 

Red bfome (Bronnn 
nibens) 

C Lvl. Armial Stage 
(Heat) to destructise 
gnzing) 

Tarweed {Hetfiizoma 
spp) 

S her hairgrass (Airj 
earyopbyllea) 

Turke> mullein {Ere 
' ' wocarptis tetigenit) 


P£^t£^^tAL RatNCE 

A Cltmas Stage 

(Light to moderate 
grazing) 

WTieatgrasses (Agro 
pyron spp ) 

Blucgrasscs (Poa spp ) 
Vcedlegrasses (Sttpa Deelm 
spp ) mg 

Redtops {Agrosus Range 
spp ) 

B Stibelmtax Stage 
(Moderate to heavy 
grazing) 

Perennial fescues 
iFemica spp ) 

Junegrass (Koeleria 
CTistata) 

Spike tnserum (Trtte 
turn spjcanm) 

California bromc 
(Bromut carirutut) 

C Loz. TraiMjfjon Stage 
(Hea\-> to destrucuse 
grazing) 

Aster (,<4rter spp ) 
Pentstemons {Peirt 
ttemon spp ) 

Sagebrush {Artmiisia 
spp > 


rite range supponing annual \egeiaaon lies in a dr\ , mild climate of 
the foothill region uhereas the range dominated b> perennial bunch 
grasses occurs in a relamcU moist, cool climate of the mountains 
Although the species representing the different succcssional trends sars 
according to locahts, thes arc gencralK of similar gross ih form 
The climax cos er is not aUv a\ s the most useful to man and his animals, 
hence the lands mas be purposcfulU rranaged so as to fax or a moderate 
disclimax which howexcr, should nexer be permitted to decline too 
far dow n the <uccessional scale Wild oat, soft chess, and bur-clox er 
are upper scale plants abundant on xxell managed annual range lands of 
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the foothills. In contrast, tufted hairgrass, bluegrasses, needlegrasses, 
and fescues abound on conservatively grazed California mountain 
ranges. Too commonly, excessive grazing has thrown the cover back 
to so early a successional stage that revegetation requires many years of 
skillful management. 

Range Indicators 

All species— indeed ail plant communities-portray the conditions of 
their environments. This fact is expressed in the term “plant in- 
dicators” or “range indicators” when applied to grazing lands (Chap- 
ter 16). 

Although plants have been used since ancient times to depict the 
characteristics of habitats 52, 56), the indicator concept on range 
lands in North Amenca was nor widely used until the rum of the 
century. At present, indicator plants are fairly well understood and 
extensively employed in the management of range areas. For example, 
excessive grazing soon provides “clues of happenings” by showing 
changes in the plant population. According to Talbot (56), any plant 
or soil condition that shows historic change in composition or density 
is a useful indicator. This viewpoint is supported by iMcGinnies and 
associates (27) who concluded that: 

To the experienced observer, plants cither as individual species or as 
communities may indicate soil type and productivity, climatic conditions, 
and status of the plant community from the viewpoint of the land 
administrator. 

The above viewpoints have been corroborated and expanded by 
Sampson (50) as follows: 

The plant indicator concept is based on a cause-effect relationship where 
the effect is taken as a sign of the cause. All plants arc admittedly a 
measure of their environment. Because plant production, and to some 
extent fonn of growth, is detennined by the habitat, any plant species 
may, to some extent, indicate the nature of its surroundings; yet only a 
few key species of a given locality arc, as a rule, sufficient!)’ rcstricred bv 
growth conditions to be helpful. 

In line with these philosophies, Shantz (52) noted that the plant cover 
scrx’cs as an indic.aror of the climate “under which it is produced, of rhe 
soils on which it has been produced, and of the practices of grazing or 
other use to w hich it has been subjected.” 

Practically all investigators agree that a close relationship exists 
bctxvccn the indicator significance of the community and the species 
that compose tlic cover. According to Clements (J). both the con)- 
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species on a chart or map Generally, though there are exceptions, the 
basal or crown area is traced out nther than the folnr or aerial growth 
Stem counts are commonly made at or near the end of the grazing 
season, to indicate the degree of cropping and the seedling reproduction 
that may be expected The facts noted will usually show whether a 
specific grazing practice is in harmony with the growth requirements 
and maintenance of the vegetation However, the cost and accurac) 
of the facts recorded are to a large extent dependent on the kind of 
plots used and the nature of the study 
The more popular and useful plots are listed and described herewith 


Qjiadrats and Swular 
Vegetal Plots 
Chart quadrat 
Basal area plot 
Qip plot 
Denuded plot 
Census plot 


Tratisects 
Scrip transect 
Lme transect 
Point observation 
transect 
Bisect 


Antiml Control 
Plots 
Enclosure 
Exclosure 

Seasonally protected 
enclosure 
Hurdle plot 


/ 

Quadrats and Similar Plots 


Originally a square area of 1 meter the term quadrat is now applied 
to relatnel) small, squire plots of different sizes, which are delimited 
on all sides 

Quadrats may be temporary or permanent Temporar} quadrats 
are used to study the character of existing vegetation, chej are aban 
doned after the data hav e been recorded Permanent quadrats are used 
to study changes in vegetation as a function of time and treatment and 
mav be reexamined periodically for many y ears 

Chart Quadrat The chart quadrat is employed for making a de 
tailed graphic record of plant composition on the plot The mapping 
is often done to a scale of 1 10 on coordinate paper with divisions 
1 square centimeter in size The chart quadrat method is tedious and 
expensive and useful onlv where much detail is needed 
The movable strap method of quadrat charting uses leather or meral 
straps to delineate tlic plot The straps arc marked off at eacli tenth 
interval each mark being the base for the location of two other straps 
which arc laid across the quadrat and moved from one unit or strip to 
another as charting proceeds With the boundary straps on the 
ground as a reference grid the plant composition of the entire plot is 
charted (25, 25, 41) 

Tlic field pantograph designed In Hill (16) to expedite positional 
plant charting accunteU traces the houndancs of mats and tufts of 
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vegetation and locates indn.dual species where the vegetation is not 
overlv dense. The instrument consrsts of a low stand to support th 
nv.p,'the pantograph arms, and a ■■pointer" for tracing tufts or looting 
indMdual specimens (Fig. 19). Two men operate the pmtograph but 
only one need have knowledge of the vegetation. One operator 
records the symboU of the species whose positions are automatical!) 



Fig. 19. C3ianing Tcgeadon ihroagh the ose of a pantograph. One of the 
operators Is absent taldng the photograph. 


located on the map. The second operator guides the pointer to In- 
dividual specimens or traces the boundarv’ of tufts or mats of vegeta- 
tion. These basal areas arc reduced to scale, usually to one-fifth. The 
instrument can be used on any topography. In 1949, cost of construct- 
ing a substantbl Hill-designed pantograph was about $40. 

Basal-Area Plot. This hind of plot is of adt'antage on bunchgrass 
range where a pantograph is not available for obtaining basal area of 
each tuft-forming grass. The plots may be of any convenient shape of 
known size but usually cover 1 square meter. The area of each grass 
bunch is measured and recorded by species. A scale, which is gradu- 
ated in units of area, may be used to measure bunch diameters. 
Seedlings, single-stemmed annual grasses, and forbs may be listed by 
numbers of specimens present, or their basal area may be estimated. 
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Basal-arei plots yie]d the following information density, species com- 
position, number of plants and basal area of each plant 
“Clip” Plot The clip plot IS used mostly to determine the weight 
(yield) of forage produced under different intensities of grazing or 
clipping or to measure potential forage yield on different sites Plots 
located at random are clipped at a predetermined height, and the 
harvest is segregated either into individual species or grouped into 
grasses, forbs, and shrubs The weight of each segregate is recorded 
air or oven dry To expedite studj of this nature, Pechanec and Pick- 
ford (25) merely estimated the green or dry weight of the plant cover, 
by species, on replicated plots After actually weighing the plants of 
a number of plots, close estimates of weight could be made 
Denuded Plot When all grow th is remm ed, as b> burning, exces 
sive grazing, or digging out of the vegetation on a permanently estab- 
lished plot, the unit is called a denuded plot In partialh denuded 
quadrats, all but the species of special interest are removed Plots of 
this kind are useful m studying trends m succession They are also 
useful m determining vnbilit> of seed and survival of seedlings, since 
the> simulate natural conditions 

Census Plot The census plot is most commonly employed to obtain 
quantitative data on ho\i frequently species of special interest occur 
m relation to the total plant population Three kinds of census plots 
are used, depending on the specific objective, namely, the list quadrat, 
the stocked quadrat, and the frcquenc\ index quadrat 
The list quadrat is useful in census studies, since it is expedient and 
relatnelv efficient The presence of each plant species on a plot is 
noted, but its total number in the stand need not be counted unless 
the studN IS concerned witli the abundance of individual species relative 
to time The data are usually recorded on each of the 10 plot strips of 
a regular quadrat map form Where more detailed data are desired, 
the chart and list methods of mapping, as proposed b) Alalmsten (22), 
ma\ be used After the plot has been subdn idcd into tom enient units 
for mapping the \ egctal densin is estimated to the nearest tenth The 
plant species are recorded m order of their abundance and percentage 
of area eacli one occupies, and the boundaries of important tufted plants 
arc accurate!) charted This ssstem reduces charting time and as- 
sembles the data m convenient form for computation 
The stocked quadrat is an adaptation of the listing technique m 
vhich plant species, hv plot, irc expressed in qualitative terms {24) 
For example, in determining the success of seedling establishment in a 
reseeding srudv, 10 seedlings per square meter mav be classified as 
good stocking 5 as fair, and a fewer number as poor Bv thii method 
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the different poraons of the range area can be segregated into go 
fair, and poorh stocked units 

The frequeticy-ttidex quadrat merelv notes the number of spec 
present on a senes of plots The percentage of the total number 
plots containing the species of interest, that is, their frequenc> p 
centage is computed and summarized b> classes If distribution 
species IS ‘normal,” a rexcrsed J-shaped cune results (Fig 20), 
dicating the presence of reiamel> abundant sporadic species, fev 
intermediate plants, and larger numbers of dominants Stable pi; 
associations tend to produce the “normal'’ J-shaped frequenc) im 
cune, Mhercas disturbed associations bring about cunes of differ 
shapes 

FrequcncN -index plots determine the effect of various s\ stems 
grazing use on plant communities, as demonstrated b\ Hanson and I 
m Colorado {15) One pasture was grazed continuously each >' 
throughout the summer and fall, a second w as subjected to deferred a 
rotation grazing Half of the second pasture was deferred from gr 
mg until after seed maturin, the other half was grazed befor'* i 
seed crop ripened Grazing deferment was alternated between hah 
of the pasture on a 2-vear rotation The frequenev mde\ curves 
the two pastures arc distinctlv different (Fig 20), because of i 
decline of some of the htghh palatable dominant species resistant 
continuous grazing 

The frequenc) index anal) sis provides a rapid method of deti 
mining species abundance m an association but must be used wi 
caution, since the index tends to varv with size of plot m relation 
densitv of vegetation {12) 

In general, frequencj-index plots should be 0 1 to 1 square mei 
m size, depending upon the densitv of the vegetation, or large cnou: 
to include sev cral species m the 80 percent frequenev class Frequenc 
index curves for different uses are not neccssanlv commensurable f 
comparison unless plots of the same size are used throughout 

Transfcts 

Plots under this categorv mav consist merel) of a line or of a senes 
squares or rectangles iv ing end to end The latter mav varv m wid 
from a few inches to several feet, hence their length is several tim 
their width Transects mav be located at random or laid out m 
chanical!) with respect to area or environment. Thev are especial 
useful in noting the degree of vanacion in species frequenc) m 
changing environment (/■#) Since transects are larger than quadrai 
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Fig. 20. Frequency-index cur\'es for various land units. Raunkiacr’s curve is 
derived from sampling many areas in noithem Europe, Kenoyer’s cune from 
samples of 51 different areas near Lalcc Michigan. Data for the cur\es by Han- 
son and Ball are from areas in Colorado. The cunes compared arc based upon 
the following data: 


Source oj Data 


Hanson and Ball (/5) 

Deferred rotation pasture 
Continuously grared pasture 
Kenojer 120) 


Frtt^uency-Index Class 
(Percentage of rot.iJ species tn e.ach class) 

^ B C D E 

62 14 7 7 10 

59 13 13 11 4 

69 12 6 4 9 
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feu cr arc needed for a gi\ cn degree of \ cgctal \ anil)jht\ Four t \ pcs 
of transects arc commonU used in range studjcs 
Strip Transect. The strip (or lick) transect is a long, rectangular 
area of uniform width, the actual dimensions licmg determined I)\ the 
kind of \cgcntmn and nature of the proMcm (/) In grassland the 
width ma\ not exceed 6 inches, m Imish and vsoodland it mas sars 
from 3 to 25 feet Tlie length is determined h\ the needs Strip 
transects mas he made permanent hs staking at suitalilc intcnals A 
steel tape mas be used to delimit a narrosv transect b\ mapping an 
equal stnp of the scgctation on both sides On larger stnp transects 
the hotmdines are mtrled ht stakes and cord and each square seg 
ment is siiirahls dnidcd to facilitate mapping 
The plant data arc recorded as on a chart quadrat Bs disidmg the 
stnp into consement inters als the data can be treated siatisticall) 
Permanent strip traasccts arc recommended, since changes m scgcta- 
tion caused bs management can readils lie detected w ith minimum labor 
m remapping 
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individual species of a plant community. A steel pin about 18 inches 
long is projected vertically through a wooden board having 10 borings 
spaced 2 inches apart (Fig. 21). Each time the pin strikes a plant on 
its downward path, a “hit” is recorded. 



Fjf.. 21. Sketch showing construction of a point-obsenation transect frame. 
Ordinanly the borings through which the pin is systematically inserted arc 
spaced 2 inches apart. 


The point-obser\’ation transect has the following advantages: it 
requires vegetal measurement at specific spow and avoids percentage 
composition estimates; it may become nearly random measurement and 
makes .subsequent statistical analyses possible; it can be employed at anv 
degree of intensity desired, including soil observations at definite 
points. Its disadvantages arc: field workers arc not too familiar with 
this method; it focuses attention on a spot and requires many ohscn*a- 
tions for a representarive sample; it is time-consuming in single-stall: 
'egetation. 
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The point-obsen anon transet^ is especiall) uell sujced for deter 
mining survnal of seedlings^ as m rcvegetation studies 
Bisect The bisect is a line transect along which a trench has been 
dug to show a \ertical section of plant tops, roots, and sod profile 
The entire plant s\stem nia> be sketched to scale on squared paper 
The exposed subterranean parts should show character and compara- 
tive depth of roots of individual species in relation to top growth, 
relative abundance of roots m the different sod horizons, and the effect 
of a particular grazing sjstem on top root relations 

Animal Control Plots 

Various plots to control grazing pressure either supplement quadrats 
and transects or are emplo) ed mdependentlj The more popular con 
trol plots are relatively large and serve to determine the effect of 
grazing pressure 

Enclosure Plots Fenced enclosure plots detemune the effect of 
different grazing s> stems on vegetation and sod and note grazing 
capacicv of little understood range communiues The enclosures var> 
from ] to 2 rods square to 25 acres or more, depending on the nature 
of the stud) and the animals grazed Thej mav be cropped closclv 
or conservative!) , they maj be pastured bj domestic stock, big game, 
or rodents The largest enclosures— 25 acres or more— arc commonlj 
used for cattle A somewhat smaller acreage is used for sheep or big 
game Rodent enclosures are seldom larger than 1 acre Permanentlv 
established quadrats or transects mav be set up within the enclosure 
to obtain quantitative changes m the vegetation 

Exclosure Plots Expenmcntal units that are fenced to exclude 
planr-eating mammals are called exclosure plots or “natural areas 
Their chief purpose is to srudv rate of recov er> of depleted v egetation 
or natural trends of succession (5) Small exclosure plots— I or 2 rods 
square— maj be located on fenced experimental enclosures to provide 
information on the effect of grazing ly complete rest of the range 
As a rule, exclosure plots lose their value m a few seasons, because of 
excessive accumulation of mulch, hence a new sequence of exclosurc 
plots ma> be established at about 5->ear intervals 

Seasonally Protected Plots These are fenced areas within en 
closure plots designed to provide special manipulation of the grazing 
factor during different parts of the season The ideal seasonallv pro- 
tected plot consists of three contiguous segments the first is divided 
into several plots, each of which is opened to grazing at different 
seasons, the second segment is permanentlv closed to grazing, and the 
thud IS closed to grazing dunng prescribed vears (N) Protected 
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plots are especially useful where two kinds of domestic stock are 
grazed, because the effect of each kind of animal on the diffemt forage 
and browse species can be ascertained. 

Hurdle Plots. These are usually enclosures ranging in size from 
about 4x4 feet to 20 x 20 feet. The smaller plots, termed “cages,” 
are portable units built with a rigid steel frame covered with wire 



Fig. 22 . Portable 4x4 foot wire cage, with steel frame covered with wire netting. 
Such a cage changes the enclosed environment imperceptibly^ over a short period. 


netting (Fig. 22). The larger plots, termed “panels,” have sides made 
of separately built units or gates. They are constructed of wooden or 
steel frame to support wire netting and should not be overly bulky lest 
they influence the environment (20). When in place, the panels are 
securely fastened at the comers to form a square. 

The cage plots may be clipped at predetermined intervals during the 
growing season to determine forage composition and yield. On the 
panel plots, quadrats may be established on which forage may be 
clipped or otheru'ise studied as on cage plots. To ascertain forage 
utilization, quadrats established on unprotected (grazed) areas may be 
clipped and the yield compared with that produced on the protected 
quadrats or cages. The number of replications needed can be deter- 
mined by appropriate starisrica! analysis. 
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Camera Sets These are positions set up for repeated photographing 
of the identical area uithin a season or at intenals over several seasons 
{41) In this way pictorial impressions are obtained, which could not 
be acquired bv descnption TTie advantages of camera sets are speed 
and accuracy The location should be permanently established with 
iron stakes, and the v egetation should be rcphotographed from the same 
height and evacr direction, prefcrabU at the same season and time of 
day The method IS cspeciallv useful m recording successional changes 
under different biotic and physical conditions The author has used 
the camera set to advantage m studying succession on chaparral bums 

Field-Samplmg Problems 

Regardless of the method of plot mvcniorv emplovcd, sampling the 
forage cover presents difficulties, because of the mans variables en- 
countered on range areas, even those of uniform appearance Within 
any fairly homogeneous area there will be some vananon, such as a 
meadow, woodland, or glade, or differences m slope, soil, or past 
usage The more elements present, the greater the chance for v anation 
m the vegetation 

How to treat these v ariacions and other pertinent biological problems 
IS a subject m itself— biometrics, the science of statistics as applied to 
biological observations It is beyond the scope of this book to cover 
this subject However, since biometncs is a highly useful tool for the 
range technician, a few points deserv e discussion, particularly those con 
ceming sampling 

Sampling range \ egetation by plots usuallv aims at obtaining mfonra 
tion applicable to an area as a whole, therefore, the plots must measure 
both the average condition and the vanability and thus represent the 
population Too few or the virong kind of samples may produce 
misleading results Snedecor {S4) recognizes three objectives that 
should be met m samplmg First, the sample should yield aw un 
biased estimate of the population mean This objective is met by 
random sampling Second, estimates from the sample should be as 
accurate as possible for the time and monev spent Third, the method 
used should permit tests of the accuracy of the estimate Since such 
calculations are founded on the laws of chance, they are most fre 
quently applied only where random sampling is employed and the 
populations or the means of the subsamples are normally distributed 
Often the range technician is confronted with the problem of 
sampling an area m which some of the variation can be anticipated 
Let us consider, for example, a range area of rolling topography where 
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a measure of the average stubble height of a grazed area is desired 
Since grazing animals tend to concentrate in the su ales, the area may 
be subdivided into swales and upland, and the desired measurements 
randoml> made in each of these subunits The result would be a 
“stratified random sample and as such would meet tlie fundamental 
principle of randomness Stratification is merely a dei ice that divides 
the parent populaaon into subpopulations of approximate homogeneitv, 
thus reducing the total number of plots necessary to obtain equall) 
reliable estimates 

Size and shape of plot are determined b> the nature of the study 
Size of plot depends upon the kind of vegetation, its distribution, its 
densirv , and the time that can be devoted to sampling The sliape of 
the plot is somew hat flexible, but se\ era! studies hav e indicated that a 
plot longer than wide is frequentlj more efficient than a square plot 

The number of plots needed for a given degree of accuracy can 
be estimated bv use of formulas such as are found in publications deal- 
ing with statistics {4, 54) These references should be studied by the 
research worker as he encounters statistical problems 

Not all plot records or other range data require intensive statistical 
analysis to obtain usable answers However, statistical procedures have 
been designed to meet the kind of problems encountered m range 
studies The) often make this work effective Every range technician 
should be familiar w ith biometrics and with its uses as they apply to 
range studies 


Eavironmental Influences 

The discussion of forage ) leld and maintenance of the range plants 
often refers to the effect of various climatic and physical factors of the 
environment 

Briefly, all environmental factors are embraced under the following 
headings chmattc, or solar and atniosphenc phenomena such as precipi 
tation and humidity temperature, light, and wind, physiographic^ or the 
earths configuration, edaphiCy or the soil and its characteristics, and 
hiotiCy or the communit) influences of plants and animals, including 
man 


CiiMATic Factors 

The atmospheric and solar phenomena of a region combine to con- 
stitute the climate Precipitation is locall) the most important single 
climatic factor, but temperature, light, and air movement are also 
influential 
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In one «3v or another uarer is insohed in pnJct>C3lJ> all life 
processes. Vcgciauon is den^e or sparse dcpcndini? on the mojsmrc 
a\atlablc m the soil and on the atmmphcnc hiimulits \shic.h dircah 
afTects \\aicr loss from the plant Grasslands arc usinlK associated s'lth 
areas of low to moderate precipitation, mostls rctciscd during the 
grossing season 

Precipitation, atmosphcnc temperatttre, ant! ss md rtKis ement coiiihmc 
w delmiit plant and animal dismhuijon os er the earth Tempennire is 
a sital oscr-all factor in detennming distnhuiion of organisms, sslicrcas 
precipitation has a somesshat more local cfTcct Ijch life process in 
plants has its nuximum and mmmium temperature limits and its op- 
timum temperature range 

Light, that is, radiant cnergs, also affects distnliutitm of plants and 
profoundls influences their form and rare of grrnnh Under natural 
conditions the gross th rate of sscIl-riKitcd plants is largcls determined 
hs the duration and intensits of the illummaiion Understors plants, 
for example, gniss rapidls carls in the season under deciduous forest 
before the trees has c formed fulls des eloped leas es to sift out much of 
the sunlight In temperate climates a mixed population of natural 
segetarion tends to flos.e' and fniit at different penodi, spring hcauts 
(C/jvfoma spp ) and s anous bottcrciips ( Hanimcuiiis spp ) arc referred 
to as “short -das’ plants, because thes flower and fruit m the spring 
\s hen the hours of illumination arc rclatu els short In contrast, * long- 
das ” species such as rahbubrush {Chrysoihjr/mus spp ) and big sage- 
brush {Ancrtaftjt endattJU) blossom and fruit in the autumn \hn\ 
species arc intcnncdiatc in illumination requirements. A range that 
contains both “short-das ' and ‘long-das’ forage species is useful 
because the penod of matunis extends oscr a longer season tlian that 
of a pure stand, hence the nmnent panem is supenor 
Wind nios ement affects plane des elopmcnt bs itsmcclunical stresses 
Vegetation is dwarfed m drv regions of strong ssinds, and tree rrunl^s 
lean assas from the prcsailing \sind direction In sand-dune areas the 
s egetation is t\ picalls composed of perennial grasses ss ith long, branch 
mg rhiromcs. As the \sind builds up sand here and remnses it else 
where the rhizomes gross upw-ard or dossmssard to maintain fairh 
uniform levels, perhaps in response to rcmpcranirc and moisture 

PiiYsiocitmiic Factors 

Altitude, slope, exposure, mountains, plateaus, and plains sanouslv 
affect cbmate, sod, and vegetation TTic amount of precipitation, sod 
moisture, incidence of light, and wind direction are much influenced b\ 
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physiography. Slope and exposure affect the amount and intensity of 
the solar radiation and also the degree of erosion. Range-management 
practices receive their severest tests on areas of rugged topography. 

Edaphic Factors 

These embrace all soil features. The most striking vegetal con- 
sideration is the supply of soil water and nutrients to the plant roots. 
Several factors influence the available soil water, such as rate of infiltra- 
tion, distance to the water table, and the capillary power of soils to raise 
stored water. Availability of the water supply and the salt content of 
the soil solution greatly influence the character of the plant cover (3S). 
Thus xeric vegetation occupies the desert; hydric species inhabit wet 
soils; mesic plants predominate on soils of moderate water supply; 
halic species inhabit salt marshes or saline soils. The better pasture 
lands have fairly deep, well-drained, and moderately mature soils, 
with accessible moisture during much of the growing season (8). 
Maturity of soils can be judged best by examination of the soil profile. 

Soil Profiles and Soil Horizons 
The soil profile (a section cut vertically through the soil) shows 
differences in color, texture, and certain other features. The profile 
of most soils is composed of three to several fairly distinct layers, or 
horizons; the lower ones contain vaiydng amounts of the substances 
leached from the layers above. Tlie horizons are strongly developed 
in some soils and weakly in others (38). Figure 23 illustrates a 
hypothetical soil profile with several well-defined horizons. No one 
soil type would necessarily have ail the horizons shown, but everj' soil 
has some of them. A, B, and C are the principal horizons of the 
soil profile. Collectively, horizons A and B compose the soIwjj, or 
true soil, which is formed by the soil-building processes. Horizon C, 
which lies directly under the solum, refers to the u'cathercd parent 
material or unconsolidated rock. A is referred to as the leached zone^ 
because it is relatively low in colloids and bases; Z?, the subsoil, is 
termed the zone of coiiceutratioTif because it iisiwily retains many of the 
eolloids and bases Icachcd from horizon A. »Morc detailed study 
rcNcals that Itori/on A is composed of various subdivisions, such as 
and (Fig. 23). Desirable range condition is judged partly by tlic 
thickness and state of decomposition of the organic debris lying above 
the A, soil layer. Tliis imilcli layer is effective in maintaining high in- 
filtration capacity of the soil, in preventing excessive surface evapora- 
tion, ami in fiivoring cstablishmcni of seedlings. 
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are arranged, together with the soil colloids or finer fraction of the 
organic and inorganic soil particles All these factors determine soil 
classification 


Biotic Factors 

These are the factors that react both on the organisms of the com- 
inunicv% including plants and animals, and on the habirat itself 
The biotic relations that take place w ithm a community arc coiii- 
petition, as for moisture, nutrients, light, spice, covnmimhsin^ including 
beneficial and harmful animals and plants— bees, grasshoppers, rodents, 
livestock, bacteria, Innas, syiitOtosis, or intimate association between 
diverse organisms such as lichens (algie and fungi), and cultitraltsin^ 
where mm has converted native cover to cultivated crops (5, S) 
Biotic factors are often more influential than other factors m molding 
the structure of the vegetation 
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Chapter 5 


PHYSICAL AND VEGETAL CHAR- 
ACTERISTICS OF UNITED 
STATES GRAZING LANDS 


Range practices and problems m the manj’ diverse regions of con- 
tinental United States cannot be clearly understood uithout a knowl- 
edge of their physical and vegetal characreristics ’ The physical 
considerations are concerned with topography, climate, and soil; the 
vegetal phase primarily deals with the vegetal composition of the 
various natural associations or "types.” Climate is the over-all factor in 
delimiting the assoebrions, uhercas a combinarion of cYimatCf topog- 
raphy, and vegetation, by their reaction on the parent rock materials, 
account for the building of soil. 

TTie character and luxuriance of the plant associations in the eastern 
half of the United Scares are due matnly to abundant precipitation, 
favorable growing temperatures, and productive soils. The drought- 
enduring characteristics of the vegetation of the western half of the 
countrv’ are caused by lighter annual precipitation, rugged topography, 
and less well-developed soils. These restrictive grow’th factors indicate 
the need of conservativ c range use. 

Physical Considerations 
Tol’OCRAl’HY 

The lands of the United States arc crossed from north to south by 
the coastal plains and plateaus of the Appalachian highlands in the 
East and by the much higher Rocky Mountain, Sierra Nevada, and 
Cascade ranges in the West (Fig. 24). The starting point of these 
ranges, slightly west of the 100th mendian, divides the continent into 
the eastern lowland and the western highland. TTie vast contrast m 
topography in the eastern and western regions largely explains the 
wide differences in the climate and vegetation. 

1 Some ph>’togeographical and other terms used in this and later chapters are 
presented at the end of this chapter. 
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Topography profoundly alters the climate and, within any lati- 
tudinal zone, largely determines the precipitation pattern The Sierra 
Nevada-Cascade Mountains, rising to some 14,000 feet in elevation. 



{Adapted fram 2941 Yearbook of Agneutture} 


Pic: 24 Annual prccipnauon (inches) as influenced by topography along a 
course near the 3S>th parallel from San Francisco to Denver, Columbus, and 
Atlantic Citj Tlic large and abrupt differences in precipitation and temperature 
induced by topography form an especially important climatic feature m the 
and region 


1 San Franciico Calif 

2 Sanamento Calif 

3 Cisco Calif 

4 Fallon Nev 

5 Wells Ne\ 

6 1j)w Ltah 

7 Silver I-aVe Ltah 

8 WaAhneton I-onglaVe Utah 

9 rien» xxl Springs Col 

impede castwird-moving storms and fa\or hcaw prccipitntion on the 
'test slopes and andit\ of the Columbn Rncr Plateau and the Great 
Bisin region (/) Likewise, each mountain range eastward promotes 
hcaw prccipitinon on the western slopes and nridit\ on the slopes and 


Stations 

25 10 Corom Col 11 660 

69 11 Denver Col 5 '’92 

5 939 13 Coodlvnl Kan 3 689 

3 965 Lenvenworlh Kan 84’ 

5 6’8 14 Springfield III S92 

4 602 15 Columbus Ohio ?48 

8 "00 16 Somerset I*a 2 !23 


10 300 17 Atlantic City N J 

< 758 
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val]e\s to the east In jnan> instances the east-side \alle\s ma\ recene 
no more than 5 inches of precipitation per jear, whereas the west 
mountain slopes, onl> a few miles awa>, mav recene 40 inches or 
more No such contrast in precipitation occurs within short distances 
in the eastern half of the continent, because of the absence of lofrv 
mountains 

Topographv maj also modifv temperatures and therebv greath 
influence the character and production of forage or farm crops In 
semiand countrj, for example, “humid islands” supporting quaking 
aspen, ponderosa pine, and fir ma> alternate w ith a sagebrush co\ ered 
floor These summer-cool timbered areas recene a deep blanket of 
snow in winter and are primarily useful for growing wood and forage 
and as watersheds Much of our civiliTanon depends on these humid 
islands for cuhnarj, Inestock, and irrigation waters, settlements were 
often established near the mouths of can\ ons and at the bases of 
mountains. With the water aiailable during summer months, an 
irrigation agnculture was established that has stabilized farming and 
stock raising on the adjacent and lands As long as the watersheds are 
not impaired, irrigation agnculture is secure Unfortunatcl), stream 
flow has become erratic m man> places because of unwise exploitation 
of the land 


Climate 

Among all climatic factors, precipitation most stronglv influences the 
character of the plant co\ cr as w ell as the grazing capacits and manage- 
ment of range lands 

A precipitation map of the United States shows that the West 
recenes onlv about one-third as much annual rainfall as the East 
(Fig 25) A line drawn through AmanlJo, Texas, and North Platte, 
Nebraska, both of which receive about 20 inches of annual precipita- 
tion, divides the country into two dLStmctive climatic regions (2) 
East of this line the precipitation reaches 35 inches in the com belt and 
50 inches or more in the southeastern stares West of the line precipica 
non stav s belovi 20 inches, excepr in some zones in the Rockv , Cascade, 
and Sierra Nevada Mountains The great semidesert region from 
southwestern Anzona to southcastem Oregon and southern Idaho 
receives less than 10 inches The zones of lowest rainfall are charac- 
terized by high dav temperatures, low relative humiditv, bnsk, dr>ing 
winds, intensive evaporanon, and corrcspondingh high transpiration of 
the vegetation The higher temperatures m the southern and range 
bring about much more rigorous growth conditions there than m the 
northern areas of similar rainfall 
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lin.25 I’rccipinnon proiinccs of tlic United States The largest protmee of lieavy rainfall is in the Southeast 
In the West northern Califomn, Oregon and W'ashmgton recette the heaviest precipitation and the Southwest the 
lightest Note the large itregulatlj shaped land patterns in the western range country that receise less than 10 inches 

of precipitation 
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The seasons of greatest precipitation \ar> \\idel> in the West In 
the \alle>s and foothills of California a large part is received in the 
v\ inter as ram In the Great Plains much of it comes in spring and 
summer, m the higher northerK range mostlv as snow, and in the 
mild climated Southwest ncarlv all as ram m summer and fall 
Forage production in the West is grcatlv affected liv deviations from 
the normal seasonal or annual prccjpiranon Droughts arc frequent 
and severe Some 3 to 4 jears out of everv 10 are drought vears 
over large areas which receive onlv 75 percent or less of the norma! 
precipitation (2) Barel> is there a >car when some region is not 
abnormal!) drv The resulting fluctuation in forage production has 
prompted a stud) concerned with the appraisal of range forage produc 
non on the basis of current rainfall 
Beginning in 1924 the Bureau of Agnculrural Economics tned out 
methods to correlate annual and seasonal precipitation w ith forage v ic!d 
and condition of the hvcstocL Gathered volunranJv bv 2000 ranchers 
scattered over the West, the data have been published bv the Bureau 
and m livestock trade journals Forage production and condition of 
the animals arc described numerical)) 100 or more denotes excellent or 
unusuall) favorable for range and stock, 90 to 99 verv good, 80 to 89 
good, 70 to 79, fair, 60 to 69, poor, 50 to 59, bad, and 49 or less verv 
bad {4) For H of the 17 western states the combined amount of 
precipitation in an) current season and preceding vear accounts for 
65 to 78 percent of the variation in forage >icld The correlation in 
this combined influence m forage vicld and livestock condition was 
found high in Region I, which includes the nonhcm Great Plains 
southward to Colorado and Kansas (Fig 26), modcratelv close iti 
Region 11, which embraces the southern Great Plains all of Texas, and 
most of New Mexico, modcratelv close to unsansfactor) m Region HI 
the Southwest including Arizona Nevada and Utah, and low to un 
reliable m Region , embracing Idaho and the Pacific Coast stares of 
California, Oregon, and Washington This rcgionallv low correlation 
inav be caused bv such factors as abnormallv high summer remperaturc 
strong drv ing w inds high evaporation and soil C)pes that lose moisture 
readil) Additional studv of these relations seems justified 

Soils and Foraci. Prodlction 

Both regional!) andIoca!lv,soiIsnuv differ chemicallv and phv sicall) 
10 such an extent as markedlv to influence the kind and luxuriance of 
the vegetation Range soils ma) and often do indicate what special 
grazing practices should be emplov cd for rheir conserv ation 

In general, the more mature deep soils of the eastern states, where 
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formation has been relatively rapid, absorb and retain a large proportion 
of the precipitation. Such soils tend to be less subject to erosion, and 
they produce larger crops than the characteristically thinner and 
younger soils of the West. The soils on the better sites of mountainous 
areas may be sufficiently deep and productive for economic reseeding 
to suitable forage plants. Desert soils, on the other hand, since they 



Fic. 26. Corrdaricin bstvccn prccipirmon and current ranirc forage yield m 
four western regions 


receive little precipitation and are exposed to long periods of high 
temperatures, have but a scanty plant cover. Some are so alkaline or 
saline that they support a selective plant life such as rabhitbrush and 


saltbushcs. . , , , , 

In coping with range problems, some knou ledge of the characteristics 
and disJrihution of the soil zones is helpful. A soil zone ,s composed 
of many soil types, eaeh of which_influences the local quality of forage 

and the management of the land (7, //). . , 

Major Zonal Soil Groups. Some twelve ma|or soil zones have been 
recognized in the United States (Fig. 27). Did. is delimited by dis- 
tinerive climatic regions and is modified by the action of three 
processes: calcification, podzolization, and laterization. 

Calcification. Tlic calcification process of soil development occurs 
Under a cover of grasses or grasslike vegetation in regions of rather 
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restricted precipitation. vegetation absorfjs and brin^ bases and 
some phosphonis from the lower honrons to tlic surface. The soil 
does not become conspicuously acid, and the colloids remain relatively 
immobile, since they are largely saturated with calcium. Calcification 
gives rise to such important ronal groups as Prairie, Oicmozcm, Chest- 
nut or Dark Brown, Brown, Gray, and the Sicro/cm and Desert soils. 



Fic 27. Distribution in the United States of the nvelxe major soil rones. Soil 
t>pes occurring sMthin the zonal group arc particularly numerous in ihc ^Vest, 
because of the rugged topographj and variable climate. 


The Prairie soils, having been developed m a region of relatively high 
precipitation, have no horizon of calcium carbonate. They arc highly 
productive for grasses and grains. The northern and southern 
Chernozem soil zones, located immediately west of the Prairie soil zone 
in the drier portion of the niidw esrem region, hat e a horizon of calcium 
carbonate (Fig. 27) and are also relatively productive. Westward, 
where the climate becomes progressively drier and the vegetation 
sparser, the soils are thinner and lighter in color. Increase in aridity 
brings about the Dark Browm and Brown soils of the mixed praine and 
short-grass associarions, the Gray soils of the semidesert, and finally the 
Sierozem and Deserr soils, which are the lowest in organic matter. 
Grazing is the chief industry west of the Prairie soil zone. 

Podzolization. The podzolization process is primarily active in the 
humid, northern, low -temperature region, the area bordering the 
northern portion of the Praine soil zone and eastward. It develops 
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typically under conifer and heath (Fig» 27). The hea\ty precipitation 
removes the soluble salts, including the carbonates of calcium and 
magnesium, leaving the soil very acidic. The Podzol soil zone, when 
cleared and fertilized, produces fair yields of grass and cereal crops. 

The more extensive Gray-Brown podzolic soils that occur south of 
the true Podzol zone (Fig. 27) have developed under deciduous forest 
and a moist, temperate climate. These soils are only moderately acidic 
and are much more productive than the true Podzols. Large areas 
are used for growing corn, wheat, and pasturage. Here industrial 
development is conspicuous. 

Laterization. The laterizarion process is confined to the warm, 
humid climate of southeastern United States. It consists of the 
removal of silica and takes place under the influence of podzolization. 
The soils are designated as Yellow and Red (Fig. 27). The Yellow 
soil unit supports the coniferous growth of Coastal Plains from North 
Carolina to Texas. The relatively more productive Red soil unit has 
a cover of deciduous and coniferous forest and lies immediately north 
of the Yellow soil zone. The colors of red to rose, and yellow are 
imparted to the soil by the comparatively insoluble iron and aluminum. 
Because of rapid weathering, bases are readily released; and, since the 
vegetation brings abundant bases to the surface, the plant cover is 
luxuriant. A wide transition is found berv\'een the Gray-Brotvn 
Podzolic and the Lateritic soils. No true Laterite soils occur in the 
United States, but the Red and Yellow Lateritic soil groups mentioned 
have many characteristics of Laterite soils. Much of the forest of this 
region has been cleared for growing cotton, tobacco, peanuts, and 
pasturage. 

Interzonal soil groups occur commonly. They include areas of alkali 
or saline soils, which at some time received an excess of salts and which 
are most common in the West. Tlicy also include the bog soils, where 
peaty materials have accumulated. 

Vegetal Considerations 

The diversity in topography, climate, and soils in the countr>' gives 
to many associations of natural vegetation. The cover ranges from 
deciduous and coniferous forest in the East and Southeast to tall and 
short grass in the Midu-est and semiarid West; from alpine glade, 
meadow, and coniferous forest in the Rockies and the West Coast 
mountains to sparsely vegetated deserts in the Southwest. It is im- 
portant to know the character and distribution of the plant associations, 
because they often indicate the need of specifically designed rangc- 
m^oagement practices. 
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Vegetation the ■v^orJd o\cr ina\ be divided into three broad growth 
forms grasses, shrubs, and trees In the United States, grassland covers 
38 percent of the area, desert shrub 14 percent, and forest 48 percent 
(Hg 28) The plants of these three life forms compose extensive 



Fig. 28 Percentage of grassland desen shrub and forest land, and their broader 
segregates, in the United Sutes 


formations, the larger associations of which arc shown m Fig 29 The 
classical paper, 'Natural ^Vgctat^on,” bv Shantz and Xon ( 10 ) was 
freel) coasultcd in prepanng this section 

Grassland N^FcrtATios 

Between the eastern and western forest regions, and reaching from 
Canada to Mexico, lies a vast grassland or pramc Most of this region 
supports bunchgrasses, varying in botanical composition and m height 
largel) according to the amount of precipitation received The differ 
enccs m stature of the associations has led to the terms ‘ tall grasses,” 
such as big bluestem, ‘ mid grasses, such as the vv hcatgrasses and June 
grass, and “short grasses,’ such as buffalo grass and blue grama (f > * 

Few vvoodv plants are found on the ull grass and the mid grass associa 
cions, but the low -rainfall regions have been cxtcnsuelv invaded bv such 
shrubs as creosote bush, mesqujte, big sagebrush, greasevvood, and 
rubber rabbitbrush Most grasslands are characterized bv frequent 
summer rams Regions that enjo> mild temperatures and adequate 
rainfall in the vv inter, as on the Pacific Coast, support v» mter-annual 
grass and forb growTh vv hich matures at the start of hot, drv , summer 
weather In contrast, in the eastern and northern praine region, 
V egetal dormanev is brought about b> low temperatures 
The United States has six major grassland associations ( 1 ) tall grass 
praine, (2) short grass plains, (3) mesquite grass desert and desert 

* Saentific names of planu menooned are gu en at the end of this chapter 
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[(idapted after Shantt and Zon (i(J) J 
Fir 29 Distribution of the naave vegetauon of the United States The approximate 
delimitations of the chief associations of each of the three great formations— forest, grass, 
and deserr shrub-are indicated The grassland vegetation consists of six associations 
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grass savannah, (4) Pac.fic bnnchgnvss. (5) nvarsh grassland, and 

"rs 

m the Miss.ss.ppi \ altcv , the ongina ° j. j,, The 20 to 40 

tall grassland has almost all become farm land (“S ' ,,oys 

inches of prccpltation and the deep fc«de 

of nativ e grass and superior farm land The Prairie sons a 

of the Chernozem group in which h.tle of '>'= ‘ e s oTorful 

subsoil The grass is dense, hot in springtime the ,,„,o 

vvithblossomingforbs The most tv p.^1 grasses are b,ghlu«^^,_l^_^^_ 

bluestem, Indian grass, ncedlcgrasv, slend« wheatg 
thread, and junegrass (see Chapter 9) e overgrazing has 

good condition where grazed or niovved (14) 

caused thinning out of the grass a^ invasions >> ond 

Long droughts encourage sand dropsced, western B 

Sh2t.Grass Plains This great grassland region lies 
ull grass praine and the Rock> .Mountains and 285 

central Texas and southern New ."eMco (Pig 29) ' nfoduces 

million acres are grazed annuallv This nat^l grass! jJ„cat.on 
nearlj one-th.rd of the nations range beef The line of m 
between the tall grass praine and the short grass plains 
distinct, for the moister eastern boondarv supports mans mid grass 
and, here and there, short and tall grasses f,„rt 

This covet has prompted the qnestion of whether the 
grass plains mav not merclv be a modified mid grass assoc. 
whether hvestock grazing ma) not be the cause ^ 

prevalence of short grass ( IS) Grazing n probablv a ^ j 

composition where rainfall is heavier (12 inches m central """'“r ,, 
22 inches m central Texas), but drought enduring short grassy ev . 
constitute the climax cover m the vast low precjp.tat.on pnnm 
plains countrs Larson (S) reasoned that the short 
sent the true climax, because hntoncal records show ® hat 

dominated the plains when <he> were first seen bv w lute m 
wild animals originallv unhzrf these lands about “ , „„g 

animals have later, and that short grass dominants ™d“ra 
remarkablv vv ell The most charactenstic gr^ dominants are _ 

grass blue grama, western wh^tgrass, sand ‘'mpseei rin^ 

Ledle and thread, western needlegrass gaUeta, “nd Junegra 
open sod of buffalo-grama grass extends °'et =“"=7 ,hc Panhandle 
w estem Nebraska and through Kansas and Oklahoma to t^ P 
of Texas where it provides immensely imponant pastor g 
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Montana and Wyoming, fringed sagebrush, threadleaf sedge, and June- 
grass alternate with blue grama, in New Mexico and other low-rainfall 
areas, overgrazing causes invasions of cacti, Russian thistle, and broom 
snakeweed 

The plains grasses are palatable and nutritious throughout the year 
The stand as a whole has been maintained m fair-to good condition 
despite frequent droughts and close grazing Drjdand farming, though 
generally unsuccessful, has uprooted the sod m many localities, despite 
the widely recognized fact that grazing provides the best permanent use 
of these lands 

3 Mesquite-Grass Desert and Desert-Grass Savannah This desert 
cover IS characterized by distinctive climate and plant composi- 
tion 

The most typical mesquite grass desert lies in Arizona, New Mexico, 
Texas, and Alexico (Fig 29) Growth begins in July with the coming 
of rams which bring from 12 to 18 inches of precipitation a year 
Areas of pure grassland are small, because of encroachment of brush, 
especially creosote bush, mesquite, catclaw, soaptree yucca, and Emory 
oak The most widespread and important grasses are black grama, 
Rothrock grama, mesquite grasses, and chree-avv n These xeric plants 
are commonly associated with annual gramas and forbs, and their 
dominance vanes according to soil tvpe and drainage The pasturage 
rating is fairly good, since this association supports up to about 20 
cattle per section of land in years of normal rainfall Overgrazing 
has caused marked decline in quality and grazing capacity of many 
lands, but the less degraded areas respond well to improved manage- 
ment 

Southeastward, where the annual rainfall is 20 to 30 inches, hes the 
desert-grass savannah (Fig 29) It occupies the region m Texas south 
of the Red River and east and south of the plains border, it also 
extends over the lower southwest region of the high plains of Texas 
Alesquite, the dominant tree, cither forms a woodland or a scattered 
stand Pncklv pear, fringed sagebrush, and manv other small, thorny 
trees and bushes are plentiful Buffalo grass, the gramas, and curly 
mesquite are the most useful forage grasses, and annual three-awms are 
locall) abundant (<f) Ongmallj the vegetation was mosth tall grass 
In manv places mesquite and other brush species now form a closed 
woodland ITe region furnishes fairlv satisfactorv grazing, and the 
mesquite tree provides fence posts and fuel The areas of deeper soils 
arc cultivated for cotton, com, and gram sorghums 
4 Pacific Bunchgrass Mid grasses of the perennial bunch-growth 
fonu occur m the Pacific Coast states and m Idaho, Montana, and 
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Nevada (F.g 29) Dominant species are 

rs high mountains, species of 


mOlillCl aim l-WN-.wa. 

iri=— 

of buminR Representative of these annuals arc wild oat, so 
1 bZe, npZ foxtail fescue. Pacific f--; 

Among the more aggressive, introduced „ 3 „ve 

filaree, broadleaf filaree, and hur clover abundant als 
species of larkspur, phaceha, tarweed. and manv ^ 

pknts The interior foothills and v allev s support an al P 
of annual species On a sample area in San Joaquin \ al e , 
up to 95 percent of the grassland consisted of annual p • 

« percent were exotics (72) This change in cover co-npiw.t.on^.^ 

not altogether uneconomical, because the winter annuals p . 

earl) winter and spnng feed Forage vield varies 

of variations in rainfall and these fluctuations are a factor in ma g 


Tn the Palouse prairie of north central Oregon eastern Washmpon, 
and adiacent Idaho (Fig 29) there grows a high qualitj f°case 
of hluebunch wheatgrass, Idaho fescue, Jo"rBre«- P'"' “ 
giant wildrjc, and needle-and thread Several of these ®P 
also important components on ranges of western (inada, i 
Utah, and Nevada Overgrazing has resulted in replacement 
grasses b> big sagebrush, fnnged sagebrush, dovvnv chess, an 

5 MaKh Grassland This vvidtl> scattered and divcreificd gras^*^ 
land, composed both of fresh and salt marshes, lies mainl; along 
Atlantic and Gulf (kiasts. in the Florida everglades m the e 

vallevs of California, and hmitcdlv along the coast of 
Oregon (Fig 29) The fresh marshes support species of India ■ 
Zpaluni eat-tail, rushes, and rule and are grazed ch.eflv m !«= 
summer and fall The salt maishes are occupied bv salt-ioleiMt 
of which reeds, saltgrass, and picUcwced ore common me 
mostlj grazed dunng the winter, and their forage rating « to" 

6 Alpine Meadow Grassland Lving near or above '“""C ' 
the West ate moist areas dominated b> grasses and grassi ae 
(Fig 29) Tv pical are alpine fescue, tufted hairgrass 'hr^dtef se^g • 
rock sedge, and numerous colorful Arctic fotbs Although the 
root largl. alpine meadow grassland provides impomnt choice forag 
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during summer months m the Cascade, Siena, and northern Rocky 
Mountains. 


Dlslrt Shrub Vegetatiov 

Lying betueen the Cascade-Sierras and the Rocky Mountains, and 
extending from Canada to Mexico, is a vast, inland desert of shrubs 
and half-shrubs, with intrusions of grassland These plants are pro- 
tected for survival by the w ide spacing, their small, thick leaves, spread- 
ing roots, and limited annual growth 
Big sagebrush and creosote bush compose extensive but separate 
associauons, creosote bush being confined to the extremely and south- 
western region (Fig 29) 

Big sagebrush, with an area of 213,600 square miles (6), enjoys the 
widest distribution of the western desert shrub communities Here 
and there are found extensive areas of alkali-tolerant shrubs, dominated 
by wmterfat, greasewood, hop sage, white sage, and species of rabbit- 
bnish and saltbush Scattered throughout this region are such grasses 
as needle-and-thread, western wheatgrass, bluebunch w'heatgrass, Indian 
ncegrass, giant wild-rye, galleta, blue grama, and species of bluegrass 
and bromes Tlie big sagebnish region is extensively grazed in winter, 
spring, and fall 

The creosote bush desert extends from southeastern California to the 
Gulf of Mexico over some 133,870 square miles It embraces the most 
severe desert of the West, with a rainfall ranging from 2 to 15 inches 
E\aporation is high, and summer temperatures often reach 100® to 
125® F The vegetstion is chiefly composed of five shrub associQtions 
creosote bush, desert saltbush, yucca, cactus, California sagebrush, and 
mesquite In the drier areas most of the forage consists of filaree, bur- 
clover, wald oar, desert plamtain, bromes, and fescues In the heavier 
rainfall units perennial grasses prevail, curly mesquite, cottontop, 
alkali sacaton, bush muhly, and the gramas being common About half 
of this desert is waste range, much of the pastured portion has been 
severely depleted bv-- ov-^ergrazing 

Forest Vegetation 

The two great regions of forested lands— the eastern or Atlantic 
region and the v\ esrem or Pacific region— are separated b}' grassland 
(Hg 29). 

Eastern Forest Region. The greater area of the eastern forest 
region, vallevs and mountains, is primarily hardwood More than 
half of the 1,000,000 square miles of this forest has been converted into 
farms or reseeded to pastures In Indiana, Ohio, and the Mississippi 
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Valle>, oak and hickon indicate a relam elj long gro\\ing season and 
deep, producme soil, this area is now occupied b\ the best eastern 
farm and pasture land Farther eastward, oak, and farther southward 
chestnut, tulip, and \ ellow poplar arc indicators of producm e farm and 
pasture lands Northward, the boreal, coniferous forest of spruce and 
fir indicates a short growing season, acidic soils, and a long livestock- 
feeding period In the northeastern Lake States region, Jack, red, and 
white pines indicate severeh cold winters and a frost free period of 
onl\ some 4 months, which is insufficient for extensive farming or 
economical stock raising In contrast, the southeastern forest region, 
wnth its long grow mg season and latentic soils, supports manv h\ estock 
on the natural forage of bluestems, paspalums, panicums, muhl>s, and 
vanous forbs and browse (5) 

Western Forest Region This forest entitv differs from the eastern 
forest region chieflj in the following respects the stand is predomi- 
nanth coniferous, the elevations are greater, precipiraoon is lighter, 
the topographv is more rugged, the growing season is shorter, the 
forests arc markedlv interrupted bj grass> \alle\s, mountain meadov's, 
and glades, the onginal area is essemiall} intact, though large units have 
been ruthlessl) logged and burned, onl> limited areas have been con 
verted into farms or stock ranches 

Coniferous Mountam Forest In the higher mountains perennial 
bunchgrasses are common, notabi) species of bluegniss brome, fescue, 
ncedlcgrass, and wheatgrass Interspersed are various palatable peren- 
nial forbs, such as bunerweed, v arrow, cow parsnip, and dandelion 
Shrubs such as currant, bitterbmsh, serv iceberrv , and mountain 
mahoganv arc common, and some are good browse plants Stock- 
poisonmg forbs and shrubs occur m all parts of this timber zone The 
open timber stands of pondcrosa pine produce much more forage than 
the charactcnsncallv dense stands of Douglas fir, lodgcpole pine, and 
Engclmann spnicc. 

Chapirral-Woodlend Forest The chaparral and woodland associa 
tions he at medium to low elevations Although ihev arc distinct 
entities ihcv frcqucntlv intermingle, partlv because of ov ergrazing and 
fire Tins lovv-grazmg forest is widelv distnbutcd in the West, and 
the grazing resources arc variable (Fig 29) 

In Oilorado, Utah, New Mexico, and Arizona, deciduous oaks pre* 
dominate, in Ciltfomia, ceanothus, chamisc, manzanira, scrub oak, 
and jumper arc common The chief value of the southern California 
clvaparral is that of watershed protection, whereas the northern portion 
provides both watershed protection and grazing Suppression of the 
brush to favor pasturage is difficult and expensive (sec Qiapter I?) 
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Some Phytogeocraphical and Other Terms Used in This 
AND Later Chapters 

Annuals or anmtal plants. Grasses or forbs that live only one season and are 
wholly dependent on seed for their reproduction and maintenance. 

Buncbgrasses. Species of grasses so called because of their characteristic habit of 
forming bunches rather than sod. 

Chaparral. A cover usually composed of a dense growth of many-branched 
evergreen shrubs or dwarf trees. 

Cool-season plants. Grasses and other life forms that grow in the winter, early 
spring, or late fall, when temperatures are too low for activation of some plants. 

Drought-enduring plants. Species that can grow and reproduce with limited 
moisttire supply. 

Endemic. Native to a particular countr>’; not introduced or naturalized. 

Exotic. Introduced from a foreign country-, not native. 

Grazing (forage) value. The worth of a plant or cover for livestock and/or 
game. This is determined by its palarabtlicy and nutritional raring, such as 
excellent, good, fair, or poor, amount of forage produced, longevity, and area of 
distribution. 

Introduced plants. Species that have been brought in, accidentally or purpose- 
fully, from outside North America. 

Invading plants. Species that come in on lands after the more stable, so-called 
clinwx plants have been diminished in the sMnd by drought, fire, or overgrazing. 
An. abundance of invading plants on a range area usually connotes range depletion, 

Mediterranean plants. Species developed in mild climatic areas bordering the 
Mediterranean Sea. 
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Common dominants arc blue grama buffalo grass and sedges Regarded b> some 
ecologists as having replaced the mid grasses because of overgrazing 

Sieppe One of the large tracts in southeastern Europe or in Asia « hich is 
general!} level grass} and without trees 

Tail grass prams Also called true praine Refers to the praines of Vonh 
Amenca the pampas of South America the high veldt of South Africa and 
pomons of the steppes of Russia which support grass stands 4 to 6 feet tall 
Bluestems and Indian grass are common components The lands t>picaU} have a 
drought and a cold penod 

Veldt In South Afnca grasslands or areas only thinJ} forested 
Wartyi season plants Grasses and other life forms that grow most rapid!} 
dunng the frost free penod and form seed m summer or carl} fall 


Scientific Names of Plants Mest/osed in Chapter 

Alkali sacaton (Sporohoftis mroidef ) 

Alpine fescue {Fesiuca bracbyphylta) 

Beardless vnld r^e (Elyiiius trittcotdes) 

Big bluestem {Andropagon girardi) 

Big sagebrush (Artetnista tndentaia) 

Bitterbrush (Piirrfew trtdentata) 

Black grama {Bouteloua ertopoda) 

Blue grama (Boutelouj gracilis) 

Bluebunch wheatgrass (Agropyron spicatwtt) 

Bluegrasses (Pod spp ) 

Bluestems (Andropogon spp ) 

Broadleaf fllaree (Erodiwn botrys) 

Bromes (JBrotims spp ) 

Broom snakeweed {Gunerrezia tarothrae) 

Buffalo grass (BuchJoe dactyloides) 

Bur-clover {Medteago bispida) 

Bush muhly {MuhJenbergia portert) 

Buitervveed (Seneeio spp) 

California mebe {Mehca nnperfecta) 

Cabfonua sagebrush {Anenmta cedtforntea) 

Carclavv (Acacia greggti) 

Cat tail (Typba htifoha) 

Ceanothus (Ceanothus spp ) 

Chamise (Adenosicniia iasctculatttm) 

Chestnut (Castanea spp ) 

Cottontop (Trtcbachne cahfomicd) 

Cow parsnip (Heracleuni spp ) 

Creosote bush (Larrea trtdentata) 

Curlj mesquite (Hilaria bclangen) 

Currant (Rsbes spp ) 

Dandelion (Leontodon spp) 

Desert plantain (Plant ago erecta) 
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Desert saltbush {Atriplex polycarpa) 
Douglas fir (Pseudotsiiga taxifotta) 
Downy chess {Bromtis tectorwn) 

Emory oak {Qiiercus evioryt) 
Englemann spruce {Picea engehnannn) 
Filaree {Erodnnn spp ) 

Fir {Abtes spp ) 

Foxtail fescue (Festuca viegalura) 
Fringed sagebrush (Arte7msia frtgida) 
Galleta grass (Hdana jofftestt) 

Giant wild-r>e (Elyinus condensatus) 
Gramas (Botiteloua spp ) 

Greasewood (Sarcobatus vertmculattts) 
Hickorj {Htcoria spp ) 

Hop sage {Grayta sptnosa) 

Idaho fescue {Festuca tdahoensts) 

Indian grass {Sorgbastruin nutans) 

Indian ncc {Zizama aquattca) 

Indian ncegrass {Oryzopsis byvienotdes) 
Jack pine (Pmus bankstana) 
junegrass (Koclerta cristata) 

Jumper Uttutperus spp ) 

Larkspur (Dclpbmiutn spp ) 

Little bluestcm (Andropogon scopartus) 
Lodgepolo pine (P/nus contorta) 
Manzamta kArctostapbylos spp ) 
Mesquite {^Prosopu juUflora) 

Mesquite grasses (Hi/arn spp ) 

Mountain mahoganv {Cercocarptis spp ) 
Mouse baric) (Hordewu leporutum) 
Muhl)s (df«/ leiibergta spp ) 
Nccdicgrasscs {Stipi spp ) 

Needle and thread (5/ipT coiuata) 

Oak (Qwcrrnx spp ) 

Oatgrasses {}')vitbonn spp) 

I’acific fescue (/ estuca paetpea) 
Panicums {Vantctnii spp ) 

Phacclia {Phace}ia spp ) 

Ficklcwccd {Saltconua spp) 

Fine blucgras<; (/*oj scabrcih) 

Fines {Ptmis spp ) 

Fondcrena pme (I’mriJ pan lerosa) 
Fncl.K Jiear {Oputttta Imd! enneri) 
lUbbitbnish (( IrysotLjtmrut spp) 

Fed lirouvc iliroff'tis ml ctit) 

Fed pme (Vn us restttofj) 
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Red stem filaree (Erodttnn cicutarmm) 

Reed {Phragttiites spp ) 

Ring muhl) ( MitblenbeTgta torreyi) 

Ripgut {Brmmis rtgidus) 

Rock sedge {Carex nipestrts) 

Rothrock grama {Boiiteiouj rothrockti') 

Rubber rabbitbrush {Chrysothmttnuf nauseoms) 
Rush (Junctis spp ) 

Russian thistle (Saljola pcilifer) 

Saltgrass {DisttchliT spicata) 

Saltbushes {AtripJex spp ) 

Sand dropseed {Sporobolus cryptandnn) 

Scrub oak {Querais dtmtosa) 

SerMceberrj {Amelancbier a/mfo/w) 

Slender wheatgrass {Agropyron tracbycaulunt) 
Soaptrcc j ucca ( Yucca efata) 

Soft chess (Broimis violhs) 

Spruce (P»cM spp ) 

Tanieed (Hcfmzonu spp ) 

Threadleaf sedge (Carex filifolu) 

Three awn (Ansuda spp ) 

Tufted hairgrass (Deschainpsta caetptiosa) 

Tule (Sctrpuf spp ) 

Tulip tree (Lirtodendrcni spp ) 

Western necdlegrass (Sttpa ocadentahs) 
^\esrem wheargrass (Agropyron nmtbn) 
heatgrasses (Agropyron spp ) 

White pine (Finus strohis} 

W hue sage (hocbia arnericana} 

W lid oat (A eva fatua) 

Winterfat (Eurofu Ijujtj) 

\ arrow (Achtlleaspp) 

\elU)\v poplar (f irtadeudron tuhpAera) 

Nucca (1 urea spp ) 
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HISTORICAL development OT 
GRAZING IN AMERICA 

The histnrv of hvMocU mtroduction-lts 

depressions nnge nars-constitutci, a drama imequ ^ 

foLation on rhe ph.losoph> of land d„clop 

subsequent disposition and hon these esents of 

mentoftheUvestockindustnisnecessar) foraclcar 

present day rangeland administratioi. f spmt of 
back to the pioneer stockman kindled the still pre i 

cooperation and hospitalits peculiar to graziers 

Genesis of Livestock m America 

The chronologies of the introductions of Inestock 
quent distributions met the continent are shown in a schem 
(Fig 30) ' 

Lisestock in West Inoifs and Mexico 
Landing of the first livestock on the continent ma> be 
Columbus (2) in his second soyage in 1493 and 

from Spam with 37 horses and mules and some cattle sheep g ^ 
hogs but how many of these animals endured the 
known (4) Columbus (72) realizing the ™P“;T".'’'^„d horses 
and work animals com meed his go\ eminent that it 
and other Inestock on e\erv ship bound for the West In les 
The lure of gold and additional territory induced the conq 
to turn from the West Indies to the mainland In rnor 

16 horses near \ cracruz Mexico and in 1521 Villalobas »tg^,co 
General of Mexico brought troops and cattle from Hsun m o 
south of Veracruz. The animals increased so rapidl> ^la 

Mendoza (U) Viceroy to Mexico organized several Inestoc 

• The author is indebted to Dr H C Bolton Professor Ft"'"™' 
of History Uruverst> of Cal forma for venfying the dau and c 
m Fig JO 
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tions, the first of their kind on rhe continent. Ry 1555 there were many 
fat, cheap cattle in Mexico (/5). \Vitl\in txvo decades after the 
landing of Cortc? in Veracruz, the conquistadors turned northward for 
acquisition of additional lands. Mexican livestock were rounded op 
for transportation, food, and breeding purposes in this new terriror>' (5)* 

LltrSTOCK IN WrSTTRN Umtfo Statfs 
Coronado, in 1540, was the first to bring livestock into what is now 
western United States. lie journeyed through the Southtvest and into 
Colorado and Kansas (Fig. 30), after leaving Q>mpostcla, Mexico, with 
1300 horses and mules, and large numbers of cattle, sheep, and hogs. 
Additional iMexican expeditions soon followed. Tire Franciscan mis- 
sions, established in northern Mexico after J582, were helpful jn 
extending colonies and lis'cstock in the southwestern states. In 1609 
the town of Santa Fc with its livestock grounds was founded; and m 
I<596 missions and stock-hreeding grounds were established in Arizona. 
These settlements became important stock centers early in the 
eighteenth centur>” (Fig. 30). 

At the end of the seventeenth ccnair>’ Father Salvaticrra lud located 
missions and livestock in I..ower California. In 1769 Father Sew 
founded the first California mission-ac San Diego-hringing livestock 
with his expedition. Settlement steadily extended along the coast 
until, in 1834, there were 21 Spanish missions and many livestock cen- 
ters in California (Fig. 30). 

LIVF.STOCK IN EaSTIRN UnITFD STATF.S 

The first successful introduction of livestock into what is now' 
eastern United States occurred in 1565, at Sr. Augustine, Florida (i^)» 
25 years after Coronado had landed domestic stock in the West. 
Between the years 1521 and 1539 Dc Soto and other Spanish explorers 
landed horses in the Southeast; but apparently none of the animals 
survived. 

In 1598 a French colony established on Sable Island, N. S., by 
Marquis de la Roche found wild cattle; these cattle were probably 
the offspring of animals that escaped from Spanish ships wTccked m 
an abortive attempt to colonize Cape Breton Island (Fig. 30). In 161 1 
the English strengthened their Jamestown colony by landing 100 cattle, 
17 horses, and other animals, the horses brought there in 1609 having 
been used as food. In 1620 additional horses were introduced by the 
Irish, and livestock of Jamestown w'cre thriving (Fig. 30). lu 1^^^ 
the Dutch shipped cattle, sheep, and horses into New Amsterdam (Neu' 
York); and in 1629 the Engli^ landed livestock in Massachusetts. 
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Fifteen years liter (1640-41), cattle, sheep, horses, and goats were 
imported by the Swedes along the Delaware River The French, 
showing renewed interest in their northern colonics, brought horses to 
Canada m 1665, and m the next decade thc^ landed many cattle and 
sheep Subsequently, numerous htcstock importations were made 
from both the European homelands and the West Indies By 1700 
large numbers of livestock w ere moving into the interior 

Livestock in Interior States 

Among the larger livestock movements was that of the French, who, 
between 1732 and 1788, founded farm settlements m Illinois and In- 
diana and drove min' animals southward from Canada They also 
brought many livestock into Louisiana where, in 1718, the> founded 
the city of New Orleans (Fig 30) By 1850 there were livestock on 
most of the interior frontiers 

“Caxuscs” and Wild Horses 

Horses proved to be exceedinglv well adapted to the plains, where 
they multiplied rapidl> The escaped animals soon became so 
numerous as to cause serious overgrazing By 1660 the Indians of 
the Southwest had captured or stolen man> cayuses and were using 
them excensivel) (/4, 19) Their populancv spread among the Indians 
everywhere, and b> 1800 even the Blacktoot Indians of Saskatchewan 
had become adept horsemen (Fig 30) 

Early Handicaps, Expansion, and Adjustments of Range Industry 

Earlx Handicaps 

Despite the favorable foraging conditions, pioneer stockmen were 
confronted with manv drawbacks The Indians, b> thievery of live 
stock and continual resistance to the settler, constituted the most 
dreaded early handicap Even so, bv 1830 cattle and sheep of Texas 
were spreading northward and contacting herds and bands m the 
Mississippi Valiev Although the industry lacked transportation and 
satishctor) marketJ, expansion continued because of abundant pascur 
age Within the next three decades two events greatly stimulated 
livestock markets and production namclv, the California gold rush 
and the Civil War 

"An Indian pon> named after the Ca>use Indian rnbe uhich fonnerJ} occupied 
the Blue Mountains of Orct,on These Indians acquired horses in the eatl> days 
and distributed tlic colts among other Indian tnbes 
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Gold Rl.sh asd Texas Trail Herds 
Early in the nineteenth centur> Texans began marketing their cattle 
m growing midwestcrn cities In t84d manj cattle were trailed to 
Ohio {18), and during the gold rush large herds were dn\cn to Cafi 
forma where they competed with natne heef and with stock from 
Mexico Arizona and New Mexico (Fig 30) Regardless of attacks 
by Indians, natural hazards, and hostilities of ranchers along the wav, 
increasing numbers of steers from Texas reached California Soon an 
excessive suppU of meats and hides caused so sharp a drop m the 
California market as greatly to curtail livestock imports This sinia 
non brought about a decline m livestock numbers m the state for more 
than a decade 

During, and for some time after the Civil War, there was again great 
demand for meat and animal produce, and hundreds of thousands of 
stock were driven to market from Texas Manv animats were on 
the trail from 2 to 3 vears having grown out and been fattened 
on the wav Breeding herds were trailed as far as Oinada B) 
1885, when fencing and railroad transportation all but ended these 
tradings, more than 5 000000 cattle had been driven from Texas 
(Fig 30) 

Livestock Boom 

The inflationary period after the Civil War caused tremendous 
expansion in livestock Pamphlets promising enormous profits m live 
stock resulted in mv estment of millions of dollars from the eastern states 
and the Old World The boom affected much of the West {/7) and 
was the chief factor m the sharp upswing in livestock populations 
(26 650 000 cattle in the 17 western states m 1890 as compared with 
4 630 000 m 1870) Soon overexpansion poor management, home 
steading and periodic droughts resulted m conspicuous shortage of 
feed and m range depletion Thousands of livestock penshed and 
untold numbers v\ ere thrown on the market at ruinous prices Bank 
ruptcy of companies and individuals was the rule 

Range Wars 

By 1 890 the last w csiem open range \v as fully stocked At that time 
there were 20 000 000 sheep m the 17 western states as compared with 
514 000 m 1850 (17) The resulong competition for forage between 
cattle and sheep w as intense for stockmen of both factions felt they had 
established prior right to range they had used The period from 1890 
to 1905 was marked with many bitter struggles in which cattle raisers 
and sheep growers contested die right to use range Sheepmen set 
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fire to ranees tthen departing m the fall, cattlemen declared “open 
season” Tn'sheep and herders alike In seteral localities many lives 

""Tn the °earl’y *enod of this factious fury, cattlemen constructed 

rfences“Ld far greater acreage of free range than of privatelj- 

"'xhe ptaMice of precluding stamng herds and bands of 
stocLXught about a rLeued struggle betaa een nomadic herds- 
men and settled operators and led to extensively organized uire 
men and sett e p widespread 

TrexTs It atS a common practme in several other state^notably 
the Dakotas, Montana, Colorado, Wjoming, 

The struggle for free range «as most severe and sat age m years ot 
drouRta When requests to remove illegally placed fences went un- 
heeded thrat ire cutters ttould take the latt into their hands In 
Custer County, Nebraska, in 1884, when the Brighton Ranch Company 
failed to remove a fence around many sections of no man s land, the 
snippers setered the wire fences and used the posts as rafters m their 
sod Luses Although the Federal government enacted law s forbidding 
fencing of public domain lands, these laws were seldom enforced 
Eventually, die illegally erected barbed-wire fencing prosed beneficial 
m discouraging nomadic grazing and in promoting permanent settle- 
ment According to Card (?) 

The barbed wire fence played a major role m the taming of the western 
plains, a task m which the fence cutters were only a momentary impedi- 
Lnt It opened the plains to homesteading, “couraged improvement of 
the land, and gave rise to thriving ernes on what had been a few decades 
earlier the range of the buffalo 


One of the most effective measures adopted by cattle and sheep 
graziers during the struggle for free range was the etentual establish- 
ment, by mutual agreement, of “dead-lines These lines constituted 
boundaries mutuallj agreed upon by the nio stockmen factions in 
setting aside areas that could be grazed unmolestedlv b> these groups 
Where dead-lines were not respected the molester would pa> dearly 
for his temerita Losses of human lues and of Inestock declined 
sharply soon after dead-lines aaere cxtensncK adopted 

Another highls stabilizing livestock ctent was the expansion, in 
190S, of the national forests, a measure that airttialH ended the range 
virs 
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History of Acquisition and Administration of Public Lands 
The United States government uas concerned first with the ac 
quisition and later uith the parceling out of small, productive land 
units to qualified individuals But pidicious procedure m administra 
non of and western grazing lands had to await a relatively late date 
Since little of the nation s land w as sur\ c> cd and none w as classified to 
indicate its best uses it is remarkable that so manv persons found suitable 
areas to operate AdmittcdK, glaring administrative errors were made 
vet few politicians or administrators became rich, millions of citizens 
found peace and contentment on the land and a struggling nation 
became pow erful 

Bj definition, public domain includes all lands not privately or 
corporateU owned More concretely, the term embraces all areas 
federal!) owned that have not been set aside or appropriated for 
some specific uses There were no public domain lands in the original 
thirteen states of the East, nor m Indiana KemucKv , Ohio or Tennes 
see A few small parcels of Federal lands still exist m the Lake States 
and in the South Nearlv all the remaining public domain is located m 
the and West and is useful cliieflv for grazing, timber and watershed 
protection A large acreage is desert waste Acquisition was ob 
tamed b) treats, cessions b> states capture conquest, and/or purchase 
The histof) and philosophies pertaining to the public domain concern 
three outstanding measures acquisition disposal and consen ation 

Acquisition of Ponuc Domain 

In colonial davs there were in existence two general forms of land 
policies {JO) In the northern rich farm land colonies, where organized 
protection from Indians was essential a s> stem of township planting 
was used a plot of land was divided among the colonists, who had to 
reside upon and improve the land allotted to them In the southern 
colonies, where large scale farming prevailed and where Indians were 
less troublesome, each settler could choose an unclaimed area of anv 
size or shape, and m an> location But the polic> of land acquisition 
adopted in the North ultimatclv became nation wide 
The following events chief!) account for the acquisition of the 
public domain lands 

1785 Through cessions of state claims and b> ireat> with England pohhe 
lands of ncarb 350000 square miles were acquired bctvvcen the boundanes of the 
original states and the NJississippi River This acquisitinn clarified boundanes and 
administrative problems pcrtammic lo these lands 
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1803 The Louisiana Purcliase from France, for 15 million dollars of nearl> 
1 million square miles of terntor>, Mrtuall> doubled the area of the United 
States (S) Although the original aim of the buyers was merely to gam control 
of the port of New Orleans Napoleon demanded that the entire area be purchased 
1819 Purchase from Spam for 5 million dollars, the territory that now is 
Honda This purchase was deemed administratively and strategically desirable 
1846 Acquisition of Oregon Terntoty from Great Britain, involving more than 
250,000 square miles of territory and including the states of Idaho, Oregon, and 
Washington This acquisition was made for strategic and administrative reasons 
1848 Cession by and uPimatc purchase from Mexico, for 15 million dollars, of 
an area in excess of 500 000 square miles embracing what is now California, Ne\ ada, 
Utah, western Colorado, nonhem Arizona and w estern New Mexico The ports 
of San Diego and San Francisco were the chief inducements for purchase of this 
region 

1850 Purchase from Texas for 16 million dollars of all lands then controlled 
by that state that lay outside its boundaries Included were southwestern Kansas 
eastern New Mexico part of Wyoming central Colorado and the Panhandle of 
Oklahoma— an area of 123 270 square miles This purchase was made to establish 
more satisfactory boundaries to enhance development of that region 

1855 Gadsden purcliase from Mexico, for 10 million dollars involving some 
30000 square miles of territory m southern Arizona and southern New Mexico 
This region was needed to improve boundaries and to facilitate building of rail 
roads in the Pacific region 

1867 Purchase of Alaska from Russia for $7,200000 involving more than 
500 000 square miles Protection of the fur trade and improved national welfare 
justified this purchase 

By these various transictions the United States secured title to 
2,809,000 squire miles of terntors Todax there remain onlx'^ some 
37 million acres of vacant, vinapproprnted, and unreserved public lands 
m the states outside of Federal grazing districts There are, however, 
132,000,000 acres under a sxstem of administration within Federal 
grazing districts 

The states formed from the various acquisitions were given no title 
to the public lands w ithin their borders and thev had no v oice in their 
administration Until disposed of, the public lands belonged to the 
nation, with Congress alone responsible for their administration or 
disposal (6) 


DisFOSiTioN or PcrcLJC DovfAW 

Three factors were pnmarilj influential m the disposition of the 
public domain, namelv disposal for revenue, disposal to encourage 
settlement, disposal for internal improvements 
Disposal for Revenue Hamilton was the first to initiate sales of 
public lands to obtain revenue This practice continued until about 
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1840, ^\hen the Jeffersonian pnnciple of land disposal to encourage 
settlement u as adopted 

The following chronology summarizes the mam events pertaining 
to disposal of the public lands 

Military Bounties Onginally designed to fasor Royalist soldiers who fought 
m the Ret olutionary War, this measure was laKr adopted by the Federal govern 
ment to encourage tv ar t eierans to dev clop the /and The total acreage disposed of 
by this means was 68 million 

Ordinance of 1785 This provided for public sale of domain lands m the 
Northeastern Tcmtoiy, m 640'acre units, at a uunimom price of $1 DO per acre 
The act failed of its purpose because the farm acreage was too large and funds for 
purchase were unataiUble 

Hamson Land Act of 1800 Provided for credit to purchase the lands and for 
reduction of units to 320 acres 

Act of 18'’0 Discontinuance o* the credit system, establishment of the 
minimum pnee of $1,25 per acre, and reduction of the minimum unit to 80 acres- 

Disposal to Encourage Settlement. Legislative acts after 1820 mark 
the end of the era of disposal of public lands specificallv to secure 
revenue After the period of 1820, European immigrants and citizens 
alike were encouraged to settle on the land 

Act of 1841 This provided that preference be giren to the settler over the land 
speculator and the squatter 

Homestead Act of 1862 Termed the most workable land law of all, it provided 
for title to 160 acres per family after 5 years’ residence, or for a shorter penod 
upon payment of $1,25 per acre This act accomplished outstanding results in the 
fertile Midwest— though not vvithoor speculative hindrances— but proved onsuiuble 
in the dner wesrem range country where much larger acreage was needed to sup- 
port a famd) 

Timber Culture Act of 1871 This was designed to avert an mipending “amber 
famine by providing for tree planting on one fourth of individual 160-acre units. 
In 1891 this act was repealed because of its virtual failure 

Desert Land Act of 1877 An act adapred to and tiesrem stares, by which 
640-acre units (later revised to 320 acres) could be obtained for $1.25 per acre after 
reclamation bv irngation This act was almost a complete failure because of 
anarailability of water 

Enlarged Homestead Act of 1909 Concerning only the far western range 
states, this act provided for acquismon of 320 acres of nonimgable land, one fourth 
to be culuvated This act tnadtencntly resulted m segregating the and public 
domain into small uneconomic units and in breaking up valuable forage sod 

Stock Raising Homestead Act of 1916. This applied to nonimgable grazing 
lands by which 640-acrc units could be homesteaded The acreage proicd too 
small to support a family Most of the 30 nulbon acres claimed under the act bv 
19’3 are now owned by large stock operators 

Homesteading Under Taylor Grazing Act of 1934 This act provndes for filing 
on agricultural land up to 320 acres lying within Federally administered public 
land areas. Since this territory contains little farm acreage, the act is relatively 
unimportant 
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Disposal for Internal Improvements. In the interest of education 
and related impro\ cments, more than 200 million acres of Federal lands 
were granted to the various states ^\hen they were admitted to the 
Union In the West, a large proportion of these lands eventually 
became the propcm of stockmen through sales bv the states 
Most conspicuous among the land grants were those made to rail 
roads to compensate for aiding in settlement and development of the 
country'- Because of the large outlay of funds for railroad construc- 
tion, the land subsidv measure seemed justified Gcnenillv, alternate 
sections of land were granted along a strip from 10 to 40 miles wide on 
each side of the railroad right-of-way These railroad grants amounted 
to 91 million acres exclusive of revested areas The main purpose of 
granting alternate sections w'as to stimulate uniform settlement Such 
scattered land ownership, however, proxed unwise stockmen could 
not make a living on 640 acres, nor could railroad officials readily sell 
the dispersed land sections Eventually the railroad companies sold 
much of this land, also they purchased or exchanged lands partly to 
consolidate their holdings (/). 

Other Land Acts 

Among other major land acts, though of lesser significance to the 
grazing industry, were the Swamp Land Act of 1849, the Free Timber 
Act of 1878, and the Timber and Stone Act of 1878 These acts 
were accompanied by much fraud and resulted m consolidation of large 
land holdings in private hands 

COXSERXATION OF FEDERAL LaNDS 

As pointed out, after the Civil War exploitation of land resources 
was rapid Benxeen 1870 and 1890 many watershed lands passed into 
private hands, extensive amber and grazing resources were being 
depleted, and soil erosion was accelerated These conditions awakened 
the pubbe, particularly m the eastern states, to the idea of conserving 
the remaining public domain resources This, it w as felt, could best 
be accomplished by retenuon of land ownership and skillful administra- 
tion by the Federal government (19) 'Hie acts that primarily resulted 
in setang up the conservaaon movements are summarized below 

National Forests — -Act of 1891. Under this act President Harrison 
set up the first forest reserve, the Yellow'stone Park timberland reserve 
Although small tracts containing spnngs and seeps, and a considerable 
acreage of Indian lands had been reserved earlier, the decade of the 
1890’s w itnesscd the turning point from free, unmanaged public domain 
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National Parks and Monuments.’ Because of their significant fea- 
tures of beauty and human interest, portions of the public domain were 
proclaimed from time to time as national parks Starting with the 
declaration of the colorful Yellowstone area, there had been set aside by 
1948, for the nation as a whole to enjoy without exploitation by man, 
a total of 23,046,147 acres of national parks, monuments, and various 
smaller areas, located mostly in the mountains of the W'estern states (7) 
It IS intended that this acreage be forever preserved in its natural state 
for the benefit of mankind Accordingly, there is no grazing on these 
lands except in a few special instances, nor are they to be logged or 
otherwise used commercialh , instead they are reserved to give enjoy- 
ment and inspiration to the people and to provide grounds for the 
study of botany, ecology, geologv , zoology, and other natural sciences 
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Chapter 1 


FORAGE PLANTS AS A BASIS 
OF RANGE PRODUCTION 

Grazing animils, when permitted to go about freely on the range, 
feed cafeteria style They select the plants that smell and taste best 
and may shift from one plant group to another as the season advances 
Though some kinds of livestock graze a wider variety of forage than 
others, all consume man> kinds of plants, ranging from the small non- 
scedbearing forms to woody vegetation A knowledge of avhat live- 
stock feed upon and how a desirable forage cover ma> be maintained i„ 
essential to a successful pasture-management program 

Forage Contributions of the Different Plant Divisions 
The world s present flora comprises more than a quarter of a million 
species, man> of which sene as food for Inestock, big game mammals, 
and other wildlife This entire plane kingdom is grouped into four 
major diMSions, and in this chapter we consider the extent to which 
these diMSions contribute to the worlds grazing resources 

TiiAiiopinTA (Aicaf, BwniniA. Tungi) 

T he plants of this low cst and simplest plant gniup range in size from 
microscopic, single celled organisms to the largest of seaweeds, and in 
growth habit from parasites and saprophstes to siicli ss mhiotic or- 
ganisms as lichens and algae ( J) Despite their dn erse characteristics 
the plants of this phs lum contnbute much directls or 
forage or to its assimilation b> grazing animals The thalloph> ta are 
sectionalh important as food plants but man must guard himself and 
Ills animals against the toxins contained in or produced hi some forms 
inelmhng the molds that often render damp has and grim poisonous to 
stock 1 he blue green algae arc often a nuisance in water troughs or 
stagnant pools, and the fungus ergot which grows on the seed heads of 
some range grasses is poisonous, but other fungi that produce com- 
pounds like penicillin are a sals ation to mankind Sini.larls , some fonns 
of mushrooms are poisonous to m-n and beast, whereas others are 
12 * 
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.ho,c.o™.ndnu.n.,o„s ' 

t„x.c substance but othen ^ and rununants, 

(fiber) and pentosans m the digest memliers of 

and canbou chicflt exist during m inter months 

BMomt-rs (Mwsrs Litiituoats) 

These are small leafs, often ttifted plants, *J"“/,n,cturf 

the sex organs Sp/agnimt m«s is an exan pie ,|'Jn,„re pnm.tise 
fcamre indicate that these plants are “ j j ^indra some 

thallophsta and the more adsanced „„ ,hc 

mossi and hsensorts contnbute to the 7'"*’ " pro- 

sshole this group is " ’ G„er toxic plants 

duction than the thallophsta although it contains fess er to P 

PTEHiDOPilsTA (Ferns Cl tiiMossrs Hoitsrrsius) 

This group include the mote highls des eloped °, |^"°gh 

flossenng plants ssith difierentuted roots 
mostls herbaceous, thes range m size fro"' 

to trees the> are most luxurunt and abundant in " « ,hc 

shaded site Their contribution to the forage is th ” 
groups of nonfloss enng plane Aoung froni 
(ftendtwn aqmlimim) arc eaten bs some ^ ^„oii 5 to 

Ler, apparentls ssithout .11 resule but the plant “ P^"™„,a 
dometic stoch Lihess isc horsetails (C,ti.r«ttt« spp > 
ssithout harm bs ssatetfossl,notabls ducUs, but arc poimn 
AU factors considered the ThalIoph> u contnbute m 
the other t\so divisions of nonsecdproducing plants 

Spermatopiivta (Seed Plants) 

This prc-emmentl> important disision is distinguished 
going groups b> hasing clearls diffeteulated and “‘‘,„7bs 

fteii, Ld lese b, a highly deeloped eonducosc 
produemg seed All of the cominon tree *7= ^^.I^sperma 
short, all floss enng plants-are included in this phs lum 
toohyta are separated into t» o broad classe bs fon™ 

Class I Gymnospemiae These plane arc charac j os-ule 

- CTdosperm before feroliza.ion tahe place and bs 


tion of the 
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that are not borne m a closed structure Common representatives are 
pines, firs spruces, jumpers, ginkgo, and jomtfirs {Ephedra spp ), 
jointfirs being the most palatable of the gymnosperms The amount 
of stock feed produced b^ this plant class is obviously small The 
conifers, notabl) ponderosa pine, are sometimes browsed destructive!) 
by sheep and goats when other vegetation has dried up or is scarce 
Western yew {Taxtis brevtfolta) is poisonous to stock 
Class II, Angiospermae These plants usually have avell developed, 
often showy, flouers, and ovules that are borne in a closed structure 
This class comprises a vast number of seed plants and is broken do^vn 
into two subclasses, the vi07wcotyledons and the dicotyledons 
Monocotyledons are characterized by an embryo having a single 
cot\ ledon, or seed leaf, by stems w ith woody fibers distributed through 
the ground tissue rather than laid down m layers, by vascular bundles 
that are scattered through the stem tissue, by leaves that are typically 
parallel \emed and linear The flowers in one group are conspicuous 
uith parts m threes or m multiples of three, as in lilies, orchids, and 
palms, m other groups the floucK are of the same general arrangement 
but inconspicuous, as m gnsses sedges, and rushes Since the grass 
familv, as discussed in the nvo following chapters, clearly outranks any 
other m its usefulness to man, the monocotyledons include by far the 
most important pasture and fodder plants of the major segregates of 
the plant kingdom Man) species are also important as food for 
waterfowl 

Dicotyledons arc characterized by an embryo having tw o cot) ledons, 
or seed leaves, bv stems w ith w oody fibers that have a Ia\ cr betw een the 
pith and the bark and that increase in thickness bv growing annual 
la)ers or rings, b^ vascular bundles so located as to form a concentric 
pattern, b) leaves that are commonlv broad, often compound, with 
palmate or net venation, and b) flowers with parts m fours or fives or 
in multiples of four or five Most deciduous trees and shrubs and 
broad-leaved herbs such as fircwccd, cow parsnip, and geranium belong 
to this vast subclass of 175 families To realize how nchlv the 
dicorv ledons contnbutc to the pasture and hav crop, it need onlv be 
recalled that such plantsas fihrcc, clover, alfalfa, bitterbnjsh, sagebrush, 
and willow arc members of this group Included also are most of the 
tcalK troublesome stock poisoning plants of the range, such as lark- 
spur, loco, and milkweed The dicotv ledons however, provide a 
desirable vanct) to livestock pasturage, and nianv species furnish 
food for w aterfow I and land birds Important though the dicotv Ic- 
donous plants arc as food plants thev rank much lower than the mono- 
'■otv ledons 
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Evaluation of Forage Species 

Since most range areas contain i mixture of plants— grasses, forbs, and 
simibs— the question often arises is to the relarnc food \aluc of the 
different forms ind species Such a complex of food plants tends to 
complicate grazing practices, for the lanous life forms do not react 
m the same way to grazing Sound range minagcment prmidcs for 
the maintenance of ill the more laluahlc forage spcc/cs, mcUiding 
the understors herbs of brostsc ranges It is important, therefore, to 
know which ire the chief food plants, how thc\ compare with each 
other m pasture \aluc, and what the requirements of the different 
species arc for reproduction ind maintenance 
To obtain an impersonal fonge xaliic classification of the individual 
species, use of the following forage evaluation guide is helpful ^ Tor 
convenience m field work, the outline can be printed or mimeographed 
on sheets to fit into a pocket notebook 
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Preference by stock for a plant, as listed under “D,*' is not in itself 
of sufficient importance to give a species high forage rank. Some 
eagerly sought species endure but light grazing and may not occur in 
abundance. A first-rate forage plant should be abundant and widely 
distributed; reproduce well, endure at least moderate grazing, be sought 
by stock preferably throughout the grazing season; have a long period 
of succulence; and retain a high level of nutrition after maturity. 

Some species are rated high as forage m some regions and mediocre 
in others. This may happen because the plant occurs in associations 
of different botanical composition. Also, in a mixed forage cover 
the selectivity of a plant is greatly influenced by the kind of stock 
grazed, such as cattle, horses, sheep, or goats, and by the native mammals 
occupying the range (Chapter 17). 


Importance of Grasses 

Of all plants, the grasses are the most important to mankind. That 
“all flesh is grass” cannot be factually disputed, for man and his 
animals subsist largely upon plants of the grass family (7, 5). The 
grains of barley, corn, oats, millet, rice, and wheat furnish the staple 
foods of mankind and are an important source of alcohol, glucose, 
and starch. Grasses are the most important forage for livestock and 
many wild animals for three reasons: they predominate over enormous 
areas; they are highly palatable and nutritious as pasturage and hay; 
and they endure grazing better than most plants (Chapter 3). They 
are also used in making brooms, brushes, cordage, and paper; and their 
essential oils are employed in perfumeries. In tropical Asia, for 
example, bamboo furnishes lumber for houses, bridges, and tools. 
Grasses arc also important In protecting the soil of pasture and ocher 
lands from destaictivc erosion. So adaptable arc they that they 
occupy nil parts of the habitable earth. In height tliey varj’^ from less 
than an inch, as in the far north, to more than 100 feet in the tropics, 
vhcre the tallest of the bamboos form extensive forests or impenetrable 
jtmglcs. 


Characteristics of Grasses 

Most persons speak of almost any low-growing vegetation as “grass,” 
Specially if it is grazed. To students of plants, grasses arc members of 
a natural family, Gramineac (Poaceac), and have certain stnicturcs in 
common (T). Grasses arc herbs (in temperate regions), with fibrous 
*^ots and jointed culms (stems), mostly hollow (rarely pithy) except 
the solid nodes. ITc culms arc simple (nonbranching), or they 
bear branches at the nodes (Fig. 31). Tbcrc arc some 6000 



,0,UGI PLAN1S AND rang. RRODLCnON 




CHARACTERISTICS OF GRASSES 


133 


species of grasses, more than in any other family of flowering plants 
except the orchid, the sunflower, and the pea families 

Lea\es 

The leaves are borne one at each node, al\\a>s in two ranks They 
are parallel-veined and composed of tv\ o parts the sheath^ which sur- 
rounds the culm like a split tube, and the blade, which is usually strap- 
shaped At the junction of the sheath and the blade, on the inside, is a 
small appendage, the hgzile (Fig 31) 

Fl OWERS 

The flowers are small, composed of a single ovary with two styles 
(one m com) bearing featherv stigmas, and three stamens, rarely one 
or six (Compare the grass flower with the complete flower in Fig 31 ) 
The ovary contains an ovule that, when fertilized, develops into the 
car\opsis (seed), the stamen consists of a two-celled anther borne on 
a slender filament Each flow er is borne m the axil of a small green 
bract, the le7im!a, and is enveloped m a smaller inner bract, the palea 
The flower, with its lemma and palea, is termed the floret The 
florets, like the leaves, are borne m two ranks upon a small axis, 
the racbilla Below tlie florets arc two bracts without flowers, the 
ghmies The glumes, nchilla, and florets are collecrnel) termed the 
spikelet (Fig 31) 


Im-lokcsuncl 

In oatgrasscs, bromes, and blucgrasses the spikelets are on pedicels 
(short stems) on the branches of a panicle Tn some grasses, such as 
timothy and millet, the panicle branches and the pedicels are so short 
that the inflorescence more nearly resembles a spike In w hcatgrasscs 
and in the wsld-rscs the spikelets are sessile (wicliout a pedicel), on 
opposite sides of a simple axis but at different nodes, forming a spike 
Somcwlnt intermediate betyyccn a panicle and a spike is a type of 
inflorescence m yyhicli the flrwcrs arc borne along an axis on short 
pedicels of nearly equal length, forming a racenie (Fig 31) 

LvMiIH Ol- LlFl 

Grasses may be mnuals, completing their life cycles m a simile 
season, as in mans bromes, or perennials, the indi\tdual plants Ii\mg 
fnmi 2 to scxcnl years and seeding year after y car, as m Idaho fescue 
I’crcnnial grasses, besides producing seed, increase ycgcratnely (Chap- 
ter 3) 
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Outline of the More Important Grass Tribes 

The folloMing illustrated outline shous the 
head and the charactenstic spihelet of each of the cig 
embrace the more important forage grasses 


SrwES 1 ^f«I.cnll>n^ 

Spikelm Uicrall, eompreoed, fiorm miuil, Mm? from persistent glumes 
A Oit Tnl>t (A\cn«c) 



Lite fescue tnbe, but glumes enlirged ami 
florets fewer, lemmas awned from the ba 
detclopcd in Kocleria) (« lid >»“• ' 

tnscnjms, hairgrasscs ) 


B Baric) Tnbc (Hordwe) 



Spikclets I' to man) -flowered, sessile on 
site sides of a jointed rachis, forming a ^ 
rachis rather than spikelets specialized 
resccncc a solitar> spike (WTieat and w 
grasses, baric) and baric) grasses, r 
r> egrasses ) 


and 


C Fescae Tnbc (Fesmeeae) 



Sptkelets few to seseral flowered latera > 
pressed, florets falbng from the glumes, g 
relatisel) small, lemmas aw-ned from 
or just below it, inflorescence an 
narrow pamclc (Bromes fescues, mejeg 
bluegrasses.) 
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D Grami Tnbe (Chlorideae) 



Spikelets 1- to feu flowered, sessile on one side 
of the rachjs, all bur the lowest floret commonl> 
stenle and variousl> modified, inflorescence of 1 
to man> 1 sided spikes, spaced along a mam axis 
or clustered at its summit (Buffalo grass, 
gramas, chloris grass ) 


E Mesquite Tribe (Zojsicae) 



Spikelets 3 together, 1 perfect and 2 staminate, 
sessile and appressed to the axis forming a spike, 
the 3 falling together, attached to each other 
(Mesquite grasses ) 


F Timoth> Tribe (Agrostideae) 



Like Festuceae reduced to its lowest terms, 
spikelets 1 flowered, lemmas awnless or awned 
the awn from back or summit, inflorescence an 
open or narrow panicle (Needlegrasses, redtops 
reedgrasses timothy ) 


Series 11 Panicoioeae 

Spikelets dorsilly compressed falling enure, singly or together with joints of 
the rachis 


G Sorghum Tribe (Andropogoncae) 



Spikelets paired 1 perfect and sessile, the other 
sterile and pediceled borne on a jointed rachis 
Ferule spikelets with 1 perfect terminal floret 
and a stenle lemma below, falling with joints 
rachis and stcuJc pediceled spikelet attached 
Glumes hardened inclosing the florets (Beard 
grasses, Johnson grass sorghums ) 
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H Millet Tnbe (Pamccae) 



SpiUIm with 1 perfect terminal floret and 
sterile floret bclou. rachtlla joints 
plumes membranaceous, tlie first smal , sup- 
pressed m soiiw pcncra, sterile lemma 1 c 
second plume, fertile lemma and palea hardcnca 
(Carpet grass. Dallis prass, millets ) 


Key to the More Common Tribes and Genera 
The foUouing Let is csscntiall> applicable to the scniiand and range 
area vest of the 100th meridian Osc the kc\ by reading 
paragraphs (la, \b, 2a, 2b, etc.) and choosing the one vuh 
grass at hand agrees Follow the kc\ until it leads to a name, an c 
pare the specimen with the generic description m the subseque 
discussion of the tnhe m this or the following chapter. 
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Zb Glumes as long as lowest floret, usuall> longer, lemmas awnless or 
aw ned from back (except Dant&oww) Oat Tribe (A%ene3e) 

Spikelets oxer 12 mm long 

Florets 2 or 3, lemmas awned /rom back Avena 

Florets sexeral, awn from bifid apex of lemma Dantboma 

Spikelets not oxer 12 mm long 

Lemmas awnless or with a minute awn )ust beloxv apex Koelena 
Lemmas axvned from back 

Lemmas keeled, 2«toothcd at apex, axvn arising from above 
the m ddlc T risettmi 

Lemmas rounded on back, lagged at summit, axvn arising from 
beloxv the middle Descbavipsta 

1b Spikelets xxich 1 perfect floret, a sterile lemma below in some genera 
4« Spikelets all alike, glumes not firmer in texture than the lemmas 

5fl Spikelets with sterile lemma beloxv the fertile floret, fertile lemma 
and palea hard m texture, dorsally compressed 

AlfLLET Tribe (Pamceae) 

Spikelets subsessilc, in one sided racemes, first glume wanting 
Spikelets sohtar) nearl> oblong, not piano com ex, blades obtuse 
or nearly so Axonopus 

Spikelets mostlj patted, ovate or obovate, plano-convex, blades 
acute Pajpahwi 

Spikelets in panicles, first glume present Vamcuin 

Sb Spikclet with no stcnle lemma, spikelets (at least glumes) laterallj 
compressed Timotux Tribe CAgtoscideac) 

6a Lenmiis hard at maturii), auned at summit, sharp pointed 
at base 

Awn simple (not divided), a distinct line between the axvn and 
bod> of the lemma 

Awn 24-70 mm long, persistent Siipa 

Aw n about 6 mm long, falling off at matunt> Ory:opsis 
Awn 3 divided, no line between awn and bod} of lemma 

Artsitda 

6b Lemmas nor hardened, not sJjarp pointed at base 
7fl Glumes longer than floret 

Spikelets V-shaped or nearly so 
Florets naked or ncariy so at the base, pilca small 
or wanting A grams 

Florets with a tuft of soft hairs at the base, palea promi- 
nent, rachilla produced beyond base of palea, hair> 

Citlanragrosus 

Spikelets 2-homcd. each glume awned from an obtuse or 
square summit, panicles dense, spikchkc Vhleinn 

7b Glumes usually shorter than floret, mostly equal 

lemmas I-ncncd. awnlcss SporoboUts 

Lemmas J-ncr\ cd. mostly aw ned or mucronatc \tul lenbcrgia 
4f». Spikelets of 2 kinds perfect and siammatc or stcnle, the two paired in 
fomted racemes, plumes firriKr than the floret 

SviRciitM Tribf (rtndropoponeac) 
Racemes of several to many loints ) to few on each peduncle, the joints 
and pedicels luirv Andropogon 
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Racemes of I or fc« lomts numerous, fwmc in a compound panicle 
Perfect spilwclet rather turpd pedjcelhtc spilelet staminate, panicle 
not compicuousl> Iutr> Sorgbimt 

Perfect jpil.clet ntn turgid pedicellate spilelet uanfing, panicle con 
spicuouslj hair> brontc Sorghjstnim 

\b SpAclcts sessile on the rachn fomung spikes 

ftj Spikclets not falling enure from the rachts. the florets falling from the 
glumes or rachis disioinimc with spikclets attached 
9j Spikclets large, on opposite sides of the rachis, spike single 

Bsiixs Tmut (Ifordeae) 
Rachts of spike not break ny up, the florets falling from the glomes at 
matunt> 

Spikclets single at each node of the rachts 
Spikclets placed flacuisc to the rachis, both glumes present 

/igropyron 

Spikclets placed edgewise to the rachis, first plume wanting, except 
on terminal spikclet lj)lrjvt 

Spikclets 2 at the nodes (occawonall) 1 to 4) Eljnmi 

Rachts of spike breaking up at manint> , spikes bnsti) 

Spikclets } at the node, the lateral ones pedictled and stcnle fiorJetmt 
Spikclets 2 at the node, glumes sometimes cleft Sitsmon 

9b Spikclets small, <m one side of the rachts spikes one-sided smaU, 
1 to nun> Glsma Thibe (Chlondeae) 

Spikes racemose along the axis 

Spikes all alike, flowers perfect Bouteloua 

Spikes diffcrcm, flowers unisesual. in distinct spikes, pistillate in 
small subalobos- heads Buchlot 

Spikes clustered at the summit like stocks of a fan. digitate Ctlont 
8b Spikelets falling enure m cluncrs of J. I perfect and 2 staminate sub- 
sessile on opposite sides of the rachis Mesoern; Gk.sss Tkibe (Zojsieae) 
(HtJjru u the onJ> important forage genus of this tnbe) 

PracticalU all the highlj taluable, mtn e forage grasses of the Lnited 
States belong to eight of the total of founecn existing tnbes or sub- 
families The spcCTes of slx of these tribes comprise most of the 
forage grass stand on the western tan^, hence these are discussed more 
fulls than the other t>\t> A few species mentioned are naturalized 
exotics 


Some Suggestions m the Study of Grasses 
With a sincere spirit of helpfulness to the > oung instructor of range 
management, the author presents an outlme of procedure that has 
proied satisfacton in teaching the stud\ of range grasses 

The studv co\ers one weeklj 3-hour laboratorx penod through a 
semester of 16 w eeks The first tw o periods are dc\ oted to orientation 
and rcMcw, and are conducted as follows 
Period one is spent m the studx of germinating seeds of com, " heat, 
and bromes which had been plac«l in a germmator 2, 4, and 6 da'S, 
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respectively, before the first laboratory period The student makes 
free-hand, longitudinal sections of these sprouting seeds, studies their 
structure, and compares them with a chart that illustrates the structure 
of a cereal gram in longitudinal section, stressing such parts as are 
shown m Fig 32 Also in this first period, the student sketches micro- 


PERICARP 

INNER INTEGUMENT &NUCELLUS 
ALEURONE LAYER 

A 




EPI BLAST 


COLEOPTRE 


COLEORHIZA 


Fic 32 longitudinal section of a 'wheat seed showing its different features 
Tlic sketch npifies gnss seeds gcncrall> Two stages of seed germination art 
shown on the right 
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SC0P.C lonptudmal secfons of grass leaf buds from permanentU 

Tn"ro rhe gross morpho,og> of gr^ses . cons.dered Jen 
erahzed forms of roots are studied first, including rhizo , 

aUointrLginal and extrasaginal structures, next 

such as the culm sheath, blade, and llgule, then „ 

bracing the spike, panicle, raceme, and spikelet, with panic 
non to the rachis, glumes lemmas, pal^ea, rachll^ namem a 
and including unisexual structures Genera with J 
used, as in species of Asetu, Agropyron, Brooms and Lo/i im 
Acmal grass identification work starts m the third J 

with the oat tribe (Aseneae). species with large, open P 
selected fiist The third and fourth periods are taken up bt t ^ 

detailed studs of the forage species of this tnbe Th'"’ ,ir with 
introduced to the barles tnbe (Hordeae), thus 
spiked inflorescences, and solitars or paired spikelets q 
with the characten of the two contrasting oat and barle> triDK 
basic to the recognition of the imcrmcdiars and other stroc™ 
countered in the eight tnbes embracing the Btasses studied lat 
discussed m Chapters 8 and 9 The periods after that , 

concurrent studies of the tribes, genera, and species, using Hitcnc 
Manual (4) or an authontatise local flora After the initial la 
period, the first minutes of each labotators session are desoteu 
written quiz cosenng essentialls the readings and the ^ 

ments of the preiious week The questions are graded “""’X ’ 

first b\ the students themsebes (each exchanging his paper w 
neighbor) as the answers arc oiallv and informalh discussed Bert 
instructor and smdent After that, the papers arc collected lor 
grading and recordmg bt the instructor In addition, three o 
full laboraton periods are resened for formal examinations ol 
knowns , that is the identification of speaes not studied belor 
belonging to tribes prei lousU worked witb Twenrt P^^Xc^ 
the semester s grade is allow ed for the quizzes and the rest for iden 
non of unknowus ^ ig,. 

Throughout the semester, and particularh dunng tM nisi ^ 
periods, the useful pnmer, the First Book of Grasses, bx ^hf ' g 
closeb smdied, and its sketches compared with the material at 
The economics of the species studied is considered in appr P ^ 
wcekl> assignments in the Range Plant Handbook (2) an 

'’"STOT'dent will base need for a hand lens of about 10 diameters 
and for a disseCTing set 
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Chapter 8 


DISCUSSION OF THREE TRIBES OF 
RANGE GRASSES 


Oat Tribe (A\eneae) 

Members of the tribe A\cncae hate spikelets of 2 to setera! 
flotvcrs, glumes that are usualh longer than the first lemma— tv hich is 
papert in texture and shining, lemmas that are usuallt atvncd on the 
back or from between the teeth of the 2-clcft tip, the awns generalh 
being bene or t« isted, and the callus, w hich, u ith the rachilla joints arc 
often hairt This tnbe contains some 40 genera, 11 of which are 
represented m the United States It includes cultivated oat, also the 
domesticated has and forage plant, tall meadow oatgrass, and a fc" 
broadU tiscful native pasture species such as wild oat,* hairgrass, Junc- 
grass, tnsetum, and the oatgrasses (/P, 21) 

Oats (Azena) 

These are robust annual grasses (the 2 native perennials are too scarce 
to be important) with flat leaves and large, loose panicles, the spikelets 
having 1, 2, or sometimes several florets The lemma is rounded on 
the back and hears a long, usually bent or tw isted, dorsal aw n and an 
oblong, deeplv furrowed gram enclosed in the palea Onlv 2 of the 
55 species are native to North Amcnca hut several European forms are 
well established in this countrv (J4) The most important forage 
species arc w ild oat and slender w ild oat. 

> References ated in this chapter arc listed at the end of Qiapter 9 
*The following publications have been cspeciall> consulted m this tresase 
first Book of Grasses, bj Chase (4) Range Flam Handbook, b> Da>'ton an 
associates (tf) Manual of she Grasses of the Umted States, b> Hitchcocl. 
Satre Anterscan Forage Plants, by Sampson (2i) Range Grasses of Caltform^ 
b> Sampson Ovasc and Hcdncl {24), and a few other sute and Federal buHco'J* 
The common names of the grasses discussed here are mosrJ> talen from Hitc 
coeVs Manual Hayxont Handbook,oi Irom Standardized P/j77f^aw«b> KcUO 
and Davton US) 
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1 ^ Wild Oat^ (A fatua) This till, erect, pile-green innual re- 
sembles cuitu ated oat but differs m hiving longer panicles, denser, stiff, 
broi\n hairs on the lover pirt of the lemma, i long, twisted iwn, and 
a smaller gram (Fig 3iA) Wild oat, introduced from Europe, grows 
at medium elevations throughout the United States except m the South- 
east Exceptionally dense stands frequently occur in the foothills of 
California It has about the same forage value as cultivated oat and is 
most palatable and nutritious when green (9) It matures early in 
the summer Heavv stands are sometimes cut for hay The general 
forage rating is ‘ good 

2 Slender Wild Oat (A barbata) This species is similar in appear 
ance to wild oat but has more slender culms narrower panicles, and 
lemmas that end in 2 long, slender teeth Economic production of 
slender oat is confined to the Pacific Coast states Like wild oat, jt is 
closel} grazed when voung If cut before maturity it produces good 
hay Because of restricted distribution its over all rating is listed here 
as “fair ” 


Haircrasses {Descbmnpsia) 

These are annual and perennial grasses w ith narrow leaves and mostl> 
loose, shining panicles, spil elets with 2 perfect flow ers, the lemmas 
4-nerved, 2- to 4 toothed, and bearing a small awn below the middle 
of the back Of some 40 species of hairgnsses, 6 occur in the w estem 
United States Tufted hairgnss is the most important species {23, 24) 
3 Tufted Hairgrass (D caespnosa) This perennial bunchgnss 
grmvs 2-4 feet fall, and has smooth culms and n\iwerous mosdy basal 
leaves The panicle is 4-8 inches long bearing small shining spikelets, 
the lemmas being notched at the tip and haing a short awn on the 
bad (Eig 33B) It occupies bogs and wet places from Greenland to 
Alaska, south to New Jerse), West Virginia, Illinois, North Dakota, 
New Mexico and California ® On mountain meadows and bottom lands 

® tor convenience m assigning class readings or in referring to specific grasses 
the species discussed m this and the following chapter are listed numerically 
*Thc name wild oat is here restricted to uncultivated forms of Aietia the 
name oitgrass to species of Dantboma both belong to the tnbe Avencac 

*The general foni,c rating of excellent good fair or poor, as given at tlic 
end of the discussion of each spcacs is based upon distribution abundance live 
stock preference and nutrition Although the grazing value of some species 
'aries somewhat in different regions and plant associations the single overall 
hirage rating given should be helpful to the beginner in remembering grazing 
Values 

“nistnbutum of a species is general^ described b> giving outer limits of ns 
t>ceurrencc 
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Fic. 31 ^ (Aienj fana) B tufted hairgrass (DescI ariipsu «« 

onosa) C Junegrass (hoeleria cratata) D spkctnsctum {Trisennn sp catu? 

^ and E California oa^rass {Dmihonta cahfomica) 
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m many parts of the West it often composes most of the stand When 
succulent, tufted hairgrass is sought bj all kinds of stock, it withstands 
grazing and trampling well The denser stands are sometimes cut for 
haa Its forage rating is “good ” 

JuNECRASbEs (Koeleria) 

These erect perennial grasses (the annuals are rare) are densely tufted 
and have flat or rolled leaves The panicle is narrow, mostly spikelike, 
pale, and shining, the spikelets having 2 to 4 florets which are awnless 
or short-a\\ ned, glumes are of unequal length, somewhat shoiter than 
the spikelets, greenish, u irh paperj margins About 20 species of 
Junegrass occur in the temperate regions of both hemispheres, but 
only 1 species is important as forage 
4 Junegrass (K ennata) This nifted perennial grows 1-2 feet 
tall and has culms that are minutely hairv |ust below the panicle The 
leaves are mostly basal, flat or slighth rolled, smooth or rough in 
te\ture, and someanies dou nv , the shin> panicle is pale-green and spike- 
like (Fig 33C) It occurs on well-drained soils from Ontario to 
British Columbia, south to Pennsylvania, Oklahoma, and west to the 
coast of California, up to about 1 1,000 feet m elevation While green, 
the entire plant is eaten b\ all kinds of stock, but as maturity ap- 
proaches only the tender leaves are consumed The yield of forage 
per plant is not especially large The o\ er-all forage rating is “good ’* 

Trjseiums {Tnsetiivi) 

These tufted perennial, or rareh annual, grasses have flat leaves, a 
dense or loose panicle, and spikelets of 2 to 4 perfect flowers, the 
uppermost staminate The glumes are unequal and keeled, the lemmas 
are papery , usually shorter than the glumes, keeled, and 2-toothed at 
the tip, each bearing above the middle of the back a slender, bent, and 
twisted awn There are about 65 species of Tnsetiivj, 10 occurring in 
the United States Only 1 species is important on the range 
5 Spike Trisetum (T spicatwn) This perennial bunchgrass Ins 
culms 1-2 feet tall, of a siher\ to white cast, and sheaths that are 
smooth or ael\ct\ The panicle is dense, spikelike, cjlindncal, and 
shining, and the lemmas bear a dorsal, slender, divergent awn (Tig 3 3D) 

It occurs m Arctic America and in all the western states, where it 
occupies open, moist, alpine and subalpmc sices, mostlv betw ecn 5000 
and 12,000 feet in elevation 

Although spike tnsetum grows onl\ in scattered stands and has rather 
"eak seed habits, ir supplies considerable forage of good quaht> (2/) 
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Its palatabihtx \ancs wjdelv m different regions, it is high in the 
Nonhwest and in California cspccialU for cattle and sheep, and fair 
to good in the Rock\ Mountains Tlic<ncr-all forage rating is ‘ good 

OcTcRAssFi (DanthoJUjJ) 

Tliese leah perennial bunchgrasscs haxc spikclets containing scscral 
florets, glumes longer than the lemmas and coinmonlv as long as the 
spikclets, 2 toothed lemmas that bear from between the teeth a strong 
flat, tw isted, and bene au n There arc about 100 species of Djfithonu, 
and 6 of the 7 that occur m North America arc found in the West 
California oatgrass and timber oatgrass arc the most important forage 
species 

6 California Oatgrass (O ira/iforwit) This species grow s 2-3 feet 
tall and produces alnmdanr, smooth, basal leafage 71ic spreading 
panicles bear 3 to 4 spikclets, each about % inch long (Fig 33^) It 
ranges from Entish Columliia to Montana, Colorado, and Oihfomia 
occupsing both dr\ and moist soils of hillsides mesas, and cansons 
of the ponderosa pine aspen, and spruce liclts The leafage is highl> 
relished b\ cattle and horses and is fairli palatable to sheep It 
endures grazing rather well The general rating is “good ’ 

7 Timber Oatgrass (D tmentudia) This species differs frorn 
California oatgrass b\ the snallow roots, the narrow er panicles, and the 
purplish spikclets It ranges from Quebec to British Columbia, Cab 
forma, and New Mexico, chicfls m the spruce and alpine belts, but 
often extends downward to the ponderosa pmc and oak brush co\ers 
The abundant basal leafage is grazed cJoseh up to matunri bj all 
kinds of stock in the Northwest, Montana, and Utah, m some localities 
It IS not grazed andlv Its general forage rating is good’ 

Barley Tribe (Hordeae) 

The grasses of this tnbe ha\c heads of a solicarx, sxTnmctncal spike 
(not one sided) sessile spikclets of ] to scseral florets on opposite sides 
of a ;oiijred or a continuous rachis and Jemmas that are usualh awned 
Although the tnbe embraces onH about 200 species w ithm 1 2 genera, it 
includes mani highb important pasture grasses as w ell as the cereals of 
wheat, barlex, and rxc, the culmated ryegrasses (Loliimi spp ), and 
crested w heatgrass (Agropyron cristatimi) (2) The w heatgrasses and 
wild ryes embrace the most important forage species of the tribe 
The barlex grasses and squirreltail grasses arc sometimes locallx abundant 
on the range, but manx of their species are mechanicallx injunous to 
bxestock, hence thex are of relatixely loxx forage rank (20) 
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Wheatgrasses (Ag}opyro7i) 

These are perennial Ininchgrasses or sodformers, they have flat or 
rolled leaves, and spikelets that are solitary at the nodes and placed 
flatwise to the rachis In imn\ parts of the Northa\ est and the Rocky 
Mountain region the wheatgrasses constitute the most important forage 
speaes Because they require a long rest period of cold winter 
weather, their occurrence m areas of mild climate is limited There 
are about 35 species of wheatgrasses in North America, 23 occurring 
in the western states with Colorado the center of distribution. The 
forage of wheatgrasses is eagerh sought by all kinds of stock 
Because of the coarse culms, these grasses are best utilized by cattle and 
horses and are grazed with good results throughout the year In 
spring and winter the leafage is also excellent for sheep In the North- 
west, the northern and central Great Flams, and the Inland Empire, 
the wheatgrasses are of mesumable value for hay and winter grazing 
The species are high in succession, constituting the climax herbaceous 
cover over large areas (22) Some are alkali tolerant, others grow 
on dry, thin soils Bluebunch wheatgrass, slender wheatgrass, and 
bearded wheatgrass are the best of the tufted wheatgrasses, and western 
wheatgrass and thickspike wheatgrass are the choicest of the sod- 
formers (IS) Crested wheatgrass is the most valuable of the intro- 
duced pasture wheatgrasses 

8 Bluebunch Wheatgrass (A sptcaUmi) This bluish-stemmed, 
perennial bunchgrass grows 1-4 feet tall and produces numerous, 
smooth, flat or rolled leaves The spike is slender, 2-4 inches long, 
With 4 to 12 flattened, narrow spikelets, smooth, sharp-pointed glumes, 
and lemmas that are smooth on the back below, are 5-nerved, and 
terminate in a stout, twisted, spreading awn about Yi inch long 
(Fig 34/4) This widely distributed species occurs from northern 
Michigan and central Alberta to Alaska, south to western South 
Dakota, New Mexico, and California The altitudinal range is up to 
10,000 feet It is often the chief grass on rockv areas, dry, open 
'voods, plains, and benchlands The forage is eagerJv sought by all 
kinds of stock at .all se.asons The forage rank is “excellent ” 

9 Slender Wheatgrass (A trachycatihnn) This densely tufted, 
blue-green grass grows 154-4 feet tall and has narrow', smooth leaf 
blades The spikes are slender, 2-7 inches long, the spikelets are 
long, narrow, 3- to 5-flow cred, with rather broad glumes and lemmas 
that are usually tipped w ich a stiff, straight au n about % inch long 
(Fig 34B) This IS probabh the most widely distributed species of 
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our wheatgrasses and occurs from Labrador to Alaska, south to the 
mountains of Virginia, Missouri, New Memco, and California In the 
West It occurs up to 10,000 feet Slender wheatgrass grows best on 
uell-drained, light, sandy soils and is fairly tolerant of alkali It pro 
vides choice forage for all kinds of livestock and is sought bv sheep, 
cattle, and horses from early spring to the end of the grazing season 
The seed heads are highU palatable The forage rank is “eacellent 
10 Bearded Wheatgrass {A subsecimdtnn) This perennial bunch- 
grass resembles slender w heatgmss It is 2-4 feet tall and has smooth 
stems and broad leaves The nodding spike is 3-8 inches long and, b\ 
a twisting of the rachis, somewhat one-sided, the spikelets are 3- to 
6-flow ered, with glumes as long as the spikelets tipped wirii a short 
awn, the lemmas bearing an awn about twice their len^h (Fig 34 ) 
It IS widelj distributed ftom Greenland to Alaska, California, and 
North Carolina The species is confined chiefla to fairlj moist, light 
sandv bottom lands and meadow s at medium elei ations, w here it forms 
moderately dense stands A good coa er seldom occurs aboa e elea ations 
of 7000 feet The herbage is sought by all classes of stock, but because 
of the harsh awns at maturitv, it is eaten most readila earla in the season 


The general fonge rating is “good ” 

11. Western Wheatgrass (A stnithn) Also called blucstem ^\ heat- 
grass, this \aUnblc species is recognized b\ its blue green color, the 
creeping rootstocks, and leaves that are rigid, smooth, or slightlv rough 
underneath Its spikes are almost awnlcss, 2-7 inches long, its spikelets 
flattened and spreading, vvitlt 7 to 13 florets, the g umes a )out la as 
long as the spikelets Spikelets and lemmas usualli hat c a short aw n 
(Fig 34D) Western w heatqrass is among the most w idelv distributed 
of the wheatgrasses, it occurs from New York, Miclugan, and Ohio to 
Alberta and Washington, south to Texas, Arizona, and northeastern 
California, mostl> introduced cast of Iowa and Kansas It occupies a 
sancts of soils, including alkaline areas, up to 10,000 eet in elea anon 
Few species arc better for haa and pasturage, since all kinds of stock 
take It cagcrla throughout the growing scastm and winter Repro- 
duction both ba creeping rootstocks and seed is strong ore stants 
occur conimonla onlicaaa soils of the northern Great ains n recent 
a eats western wheatgrass has been seeded with some success on de- 
pleted ranges and on dra farm areas of the Great Plains 1 he general 


fonge rank is * excellent’ 

12 Thickspike Wheatgrass {A dasystach^tnn) 
gravs Ins extensive creeping rocitstocks, narrow 
k>ng, inostlv inrollmg, rough, erect spikes about 
spikelets K flowered, the Icmnns hairx or rouuh 


This sodforming 
leaves 2-10 inches 
7 Indies long, and 
Its nngc IS from 
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Hudson Ba% to Alaska, northeastern Cahfomia, southern Colorado, 
Nebraska, and the shores of Lakes Superior, Michigan, and Huron 
Sands soils produce the liest coccr Tn Ltah good stands arc produced 
up to 10000 feet m ciciaoon When green, thickspike ubeargrass 
supplies fair forage for all kinds of stock, but as mature herliagc it is 
of low palatabilitv Well established stands endure hcas\ grazing 
better than most w hcatgrasscs (tf) The general rating is “fair” 

13 Quackgrass (/I repens) Quackgrass simulates western whear- 
grass in appearance but lacks the bluish casr Alw>, it has lax, soft 
foliage and \ellow-grecn rootstocks (Fig 34C) Tins species, intro- 
duced from Lurasia, is a w ecd m mans localities because of its persistent 
rhizomes, howeier. m mountain meadows, quackgrass produces desir- 
able forage ITie o\cr-all forage rank is “fair” 

W'iL0-R\r5 {Ely Jims) 

These are tall, somew hat coarse perennial grasses, w ith rough leas es 
and dense terminal spikes, spikclcts of 2 to 6 florets borne mostlv m pairs 
in alternate notches of the rachis, glumes nearh equal, narrow , pointed, 
or aw ned, and lemmas w ith a rounded back, pointed or aw ned, the palea 
being shorter than the lemma Of about 4> species of wild r\e 21 
occur in the United States, with Idaho as the center of distriliution for 
the more important forms The forage rank of most of the species i5 
intermediate GencralU the leafage is harsh and coarse, and the awns 
of some forms arc troublesome A few species such as Virginia 
wild r\e (E tirgjme/«)~abundant casr of the JOOrh meridian-is used 
limitedb to stabilize the sod and is a fairb palatable plant .Medusa 
head (E capiit medusae), an introduced annual, is a range pest m the 
Pacific Coast states The most important forage species arc blue w ild 
rvc, giant wild r\e, beardless wild rvc, and Canada wild r\e These 
are bunchgiasscs except beardless wild r>e and Onada wild-rve (S, 
26, 29) Some species, norabK Canada wild rve and giant wild rse, 
are susceptible to infestation b\ ergot {Cla^tceps spp ), a poisonous 
fungus {11, 2f) 

14 Blue Wild-rye <£ gtauevs) This highli \anable, blue-green 
perennial bunchgrass grows 2~4 feet tall, has smooth sheaths and leaf 
blades, spikes 2-6 inches long, numerous spikclcts w ith 3 to 6 florets, 
narrow, sharp-pointed glumes, and lemmas that bear a straight, rough 
awn, 14-4 inch long (Fig 3yA) TTie dismbunon is from Ontario 
and Michigan to southern Alaska, south through South Dakota and 
Gilorado to New Mexico and California In delation it ranges as 
high as 9000 feet. It is the most common w ild r\ e found on modcratefv 
moist, rich soils EarK m the season the forage is taken bi all kinds 
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of livestock; but the bearded seed heads are not eaten, and the leafage 
becomes harsh and unpalatable upon matunty. It has strong seed 
habits and reproduces well under conservative use. The general forage 
value IS “fair." 



A, Blue \\iUl-r>c (Elyrmis R/jvrwj); B, piain \\iia.r>c (E, conJen- 
C, bcardlws \MldT>c (B. trtticoiM, and D, Canada \vdd.r>c (T. 
esttjJcnsis)^ 
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15 Giant Wild-rye (L condematns) 1 he culms of this largest of 
the name negrasses grow up to 12 feet high and Vi inch thick The 
dense spikes arc 6-12 inches long, sometimes compound at the base, 
the spikelcts being 3 to 6 flowered and the glumes and Jemmas awn- 
pointed (Fig 35/3) Giant wild r\e ranges from southwestern Mani- 
toba, west to the coast of British Columbia south to California, 
Colorado, and New Mexico (i/) and from sea lc\el to 5000 feet m 
elevation The tsptcal habitat is that of fairlj moist, rich bottom 
lands, nver banks, and wet, saline areas The succulent herliagc is 
grazed somewhat closcK b> cattle and horses, onlv hmitcdK bv sheep 
The mature herbage is fibrous and Inrsb but, wJien well cured, provides 
winter feed of some value It is sometimes cut for hav The forage 
value rates as ‘ fair" 

16 Beardless Wild-rye (I triucotdes) Tins species looks like a 
reduced form of giant wild-rvc hut is distinguished b> having strong, 
creeping rhiromes (Fig 35C) Its range is from Montana to Wash- 
ington, south to western Texas and Cah/orma, up to 10,000 feet in 
elevation Tlic most extensive stands occur on alkali fiats and open 
woodlands in Oregon and Washington The voung leafage is grazed 
rather closelv h\ horses and cattle and to a limited extent bv sheep 
The denser stands arc frcqucntlv cut for h3> A fungus, ergot, occa 
sjonall) arracks the seed heads senouslv The general forage value is 
“fair’ 

17 Canada Wild-rye (E canademts) This stout, smooth, peren 
mal bunchgrass grows 2-d feet ull and has broad, flat leaves 6-12 inches 
long The spike is usualK nodding, 4-10 inches long, the spikelcts 
3 to 5 flowered the glumes and Jemmas tapering to stout spreading 
awns about 1 inch long (Fig 350) This species is widely distnliuted 
in Canada and the United States is fairlv abundant in most states, and 
IS pamcularl) important in the Great Plains region The forage is 
most sought bv horses and cattle hut to some extent also bv sheep 
i:arl> in the season the herbage is closelv grazed, but it iv onh Jightlv 
cropped when mature The prominent awns arc objectionable The 
general forage rating is ‘ fair’ 

IJstuivtKAssis {Hordeimi) 

These coarse annual or perennial grasses are distinguished bv their 
dense spikes and bv the 3 spikclets at each node of the rachis, the 
lateral pair on short stalks, usuaUv reduced to awns Nine of the 
twent> species of barlej grass are found in the United States The 
awns and sharp pointed raebis joints of most species are injurious to 
livestock, particularly sheep, thev work into the skin, eves, gums. 
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between the teeth, and into the throat (I, 24) The most common 
species are foxtail harlev, bobtail barley, mouse barley, and meadow 


18.^ Foxtail Barley (H jubatmn) This tufted perennial is the 
worst among the mechamcallv injurious grasses of the West It grows 
8-30 inches tall, has rough leaf blades, and nodding spikes up to 
4 inches long The rachis, which breaks up at maturity, has sharp- 
pointed joints that hear 3 spikelets at each node, 1 fertile and 2 sterile, 
all of these having long, fine, widely spreading awns (Fig 36^) 
Originally indigenous to the western states, foxtail barley now incurs 
from Labrador to Alaska, south to Mars land, Illinois, Missouri Texas, 
and California It is a common plant on the plains and losver foothills 
on moist, saline, and fairly dr)' soils It is often a serious pest in gram 
and hay fields and on pastures When young and until the heads 
develop, foxtail barley is palatable to all kinds of livestock, but after 
the heads have matured the herbage is little grazed until autumn rams 
soften the awns and prevent injury to stock Where R 5^"® 
dantly, sheepmen aim to market the lambs before the see ea s ecome 
troublesome and then remove the ewes to elean pasture Hay contain- 
ing much foxtail barley may be spread out in the ram or sprinkled arti- 
ficiallv well before feeding time, thereby softening the awns (24, 2f) 


The over all forage rating is “fair ” , -r-t u 

19. Bobtail Barley (H -jubatum var caespitomm) This mechani- 

callv injurious form has shorter awns than foxtail barley Its palat- 
ability, usefulness, and injurious qualities are about t e same as t ose 
of foxtail barley Its range is from North Dakota to Alaska, and south 
to Kausas and Arizona The forage rank is fair 

20 Mouse Barley (H leporimnn) Until recently known as 
H vmrtmmi, this annual grass, naturalized from Europe, is t e most 
common of the group It is recognized by the flattish heads, 1 inch 
wide, and also by the awns w hich are I-l 'A inches long (Hg 36B) . It 
occupies moist areas and open ground from the nort aci c coast, 
Idaho, and British Columbia, south to Utah, New Mexico, and Cali- 
fornia and appears intermittentlx m the eastern states p to t e time 
of heading, mouse barley is rather closely grazed by all Unds of stock 
but IS grazed only moderately thereafter Its ox er-all forage rating is 


lair , , 

21. Meadow Barley (H brachyanthennn) This pcrennnl bunch- 
grass (to which the name H nodostmt has been misapplied) has scant 
foliage and short awns and is the only common qiecics of the genus 
Hordctnn that causes no anno) ancc to lixestock (Eig 36C) It occu- 
pies moist areas and open ground from Montana to Alaska, south to 
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New Mexico and California and occurs m some localities in the eastern 
states, It IS also widel) dispersed m the Old World Up to the time 
of heading, meadow barlej is rather closeh grazed b> all stock but is 
grazed onh moderatel) thereafter Although its forage rank is onl> 

‘ fair,” meadow barley probably has the highest value of the group 

Squirreltails (Sttaiuon) 

This IS a small, endemic genus of perennial biinchgrasses, with fiat or 
rolled leaves, dense spikes, 2 spikelets at each node of the disjointing 
rachis, and glumes and lemmas that extend into long, usually robust, 
often cleft awns There arc but 3 species of squirreltail in the western 
states, principally within the Great Basin area where they occupy dr)% 
sandy, or loamv soils The awns together with the sharp-pointed 
rachis joints of most species are mjunous to stock, hence they may be 
safeh grazed only earl) m the season The forage value of the species 
of Sttamon is intermediate to low, especially after the seed heads have 
formed and before rains soften the aw ns 
22 Squirreltail {Sttamon bystrix) This is the most common and 
Widespread of the genus, occurring from Washington to South Dakota, 
Missouri, Kansas, Texas, and California As a range plant it is typical 
of the other species, its palatabilicv varying according to locality and 
season (Fig 3<5D) Although cropped with other forage, it is of 
only moderate grazing value, since at maturity the awns are likely to 
cause annoyance to livestock (16) The general forage rank is ‘fair” 

Fescue Tribe (Festuccae) 

The culms of grasses of the Festuceae tribe are simple, and the in 
florescence is an open or narrow panicle There are several to many 
spikelets 2 or more being perfect, the pediceled florets falling 
from the glumes at maturity and the Jemmas longer than the glumes 
The tribe Festuceae is one of the largest of the grass family, containing 
more than 100 genera and over 1000 species It includes a large number 
of the most valuable range and hav plants of the temperate region The 
most important forage species are contained m 6 genera fescues, blue 
grasses, mehegrasses, bromes, saUgrasses, and mannagrasses Two in 
troduced cultivated species, orcliard grass {Dactyhs gl07/iemta) and 
meadow fescue {Festiica elatior)., are valuable hay plants 

Fescues {Festttca') 

Tile fescues are annual or perennial grasses w ith simple culms, usually 
narrow, often inrolled leaves, open or narrow panicles, narrow and 
sharp pointed glumes, and lemmas that arc mostlv awned from the 
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tip Some 34 of aliout 100 existing species occur in the United States 
Among the most ssidcU distributed and impomnt arc 4 bunchgrasscs 
Idaho fescue, Anroni fescue sheep fescue, and ucstem fescue These 
species occups dr\ fnothilk and open woodhnds of intcrrncdiitc to 
high clcsition, uith Idaho the tenter of their distnhution A feu 
other species such as alpine fescue and grccnlcif fescue are of locahrcd 
importance The perennial fescues arc asulls consumed, cspccialU 
uhen succulent, h\ all kinds of liscstock Seven! annual fescues 
abundant in the foothills of California, are grazed to advantage onlv 
ulien green Tvpical among them is the carU -maturing foxtail fescue 
(r megalura) (fig 37C), a common Pacific Coast species which is 
rated as “fair,’ being useful chicflv when green Most of the perennial 
forms occupv areas of high siicccssional development, though thev 
seldom compose the dominants of the climax stage 

23 Idaho Fescue (P idaboetistt) 1 his grass produces large 
bunches, has culms 1-3 feet tall, numerous, long, rough leaves, a 
narrow panicle that bears 2- to /-(lowered spikclcts, and lemmas with 
awns 34-K inch long (Fig 37zf) Idaho fescue grows in open wooded 
and rock) slopes from Alberta to Untish Columbia, south to northern 
New Mexico, Arizona, and California It sometimes comprises a large 
part of the cover between elevations of 5000 to 10,000 feet The 
herbage is highU palatable up to inaiunn and is grazed with fair 
relish m the autumn after the leafage has cured Abundant “aftermath 
growth IS produced on range grazed onK up to midsummer The 
general forage rank is “excellent ’’ 

24 Anzona Fescue (F anzomca) This species closelv resembles 
Idaho fescue, but the foliage is suffer and more glaucous, also, the plant 
IS smaller, and the lemmas arc a\ nlcss or ncarlv so It grows in open 
pme woods in Arizona, Nevada, New Mexico, and Colorado between 
elevations of 6000 to 10 000 feet Arizona fescue is moderatelv 
palatable up to matuntv, particiilarlv to cattle and horses In late 
summer the herbage decreases somewhat in palatabilit> In Arizona, 
heaw grazing of this plant m the ponderosa pme belt during the dn 
periods results m serious damage to timber reproduction (6) The 
over all forage value is “excellent’ 

25 Sheep Fescue (F o^a^a) Sheep fescue is a densel> tufted 
perennial 7-16 inches high, with the slender blades inwardlv rolled and 
rather rough, the panicle is narrow, and the lemmas are about Vi inch 
long, terminating m a short awn (Fig 37B) It grows in open woods 
and on ston> slopes from North Dakota to Washington and Alaska 
and south to Arizona and New Mexico It has been introduced into 
Michigan, Maine, Illinois, and South Carolina where some fair stands 



I' A, Idaho 
extern fescue 


fescue (Festuca tIAoctats), U, sheep fescue (F oxiru) 
(F occiJemM. D, grecnlcaf fescue (F %ir,Mih), f, foetail 
fescue (F meRJ/ure) 




158 


DISCUSSION OF THREE GRASS TRIBES 


occur It has also been used successfulh m reseeding some ^^estem 
mountain ranges Sheep fescue furnishes superior forage for all 
kinds of stock, and the fine, bluish green leafage is often grazed 
betond the endurance of the phnc The general forage talue is 
‘excellent 

26 Alpine Fescue (F ovtva \ar brachypbylla) This \anen of 
sheep fescue has short culms and smooth, rather lax blades It occurs 
in the Arctic regions, south to the San Francisco and the San Bemar 
dmo Mountains, and in the Rock> iMounmins to northern New Mexico, 
also in the higher mountains in Vermont, New Hampshire, and New 
\ork The forage \alue is similar to that of sheep fescue, but, being 
smaller and of more local importance, its general forage rank is good 

27 'Western Fescue (F occideutahs) The leaf blades of this 
species are mostl\ basal and the panicle is loose, 3-8 inches long, and 
often drooping (Fig 37C) Ft grows on drj, rock), wooded slopes 
and banks from Bntish Columbia lo central California, east to \V\ ommg 
northern Michigan, and western Ontario, between elevaoons of ?000 
and 10 000 feet The herbage is highl> palatable at all seasons, its 
chief drawback being its sparse growth The general forage \aluc is 
* good 

28 Greenleaf Fescue {F vtndtda) This species is best characterized 
b^ the dense tufts, the reddish nodes and base, the soft, abundant 
foliage, the nodding panicles which are 3-5 inches long, and the spike 
lets of sanegared purple and telloiiish green which fade at /narunrv 
(Fig 37D) Greenleaf fescue is a subalpine mountain bunchgrass 
which grows in meadows and on plateaus bet^\een elesations of about 
6500 to 10 000 feet, from Bntish Columbia to Alberta, south to central 
California and Idaho Throughout its rather narrow range, this robust 
plant produces a large amounr of forage of unusuallj high qualm 
Effecme methods of rc\cgctaaon of greenleaf fescue were reponed 
b\ the author in 1914 (25) The general forage talue is “good ’ 

Blvegrasses (Poj) 

These are slender, mostI\ pcrcnniak has mg soft foliage, leaf blades 
with a boat-shaped op, loose or narrow panicles of small, awnless 
spikelets, and lemmas often with cobwebb) hairs at the base The 
bluegrasses include more than 200 species, some 64 of which occur m 
the United States Thc\ suppU a large amount of excellent forage 
throughout the grazmg season, chicfix o\cr areas of cold winters and 
warm summers (26) Because of thar short stature the bluegrasses are 
seldom cut for has The more widels distributed and important 
bunchgrass forms arc munongrass pine bluegrass, Ne\ada bluegrass, 
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and Sandberg bluegnss In the southern states, from Oklahoma and 
Texas to South Carolina and Flonda, Texas bluegrass (P arachnifera) 
contributes considerable xvinter forage The primary sodformers are 
Kentucky bluegrass and Canada bluegrass, both being introduced but 
now growing nild, and Wheeler bluegrass, all three of av Inch like 
other sodformers, endure heavier grazing than the bunchgrasses Adost 
bluegrasses are of high successional rank 

29 Muttongrass (P {eiidleimna) This perennial bunchgrass is 1-2 
feet tall, with pale-green, smooth foliage, numerous narrow leaves, 
mostly basal, and narrow, dense panicles 1-3 inches long with 4- to 
8-flonered spikelets (Fig 38,4) Muttongrass is found on mesas, in 
open, dry woods, and on rocky hills from Manitoba to British Colum- 
bia, south tliroughout western South Dakota and Idaho to western 
Texas and California, mostly between elevations of 7000 to 12,000 
feet It IS highh nutritious and remains palatable throughout the 
season to domestic stock, deer, and elk The general forage value is 


“excellent ’ , , , 

30 Pine Bluegrass (P scabrella) This perennial bunchgrass grows 
1-3 feet tall and has numerous, mostly basal leaves 3-7 inches long and 
a panicle of 2-5 inches with spikelets ‘A inch long (Fig 38B) Pine 
bluegrass grows in meadows, open woods, and hills at low and medium 
altitudes, from w estern Montana and southern Washington to California 
It occupies fairly dry, often thin soils such as scablands and tends to 
mature rather earlj The copious, basal green leafage is highly 
palatable to all kinds of stock and is sought, especially b> horses, after 
niaturitx (9, ftf) The general forage value is “good 

31 Nevada Bluegrass (P ncvadcims) Nev ada bluegrass is a tufted, 
graaish green perennial, lK-3 feet tall, with culms rough below the 
narrow, dense panicle and inroHcd, mostb basal, leaves (Fig 38C) 
occupies meadows and plateaus from Montana to eastern Washington 
and the Yukon territor>, south to Colorado and California, from 3000 
to 11,000 feet in elesation Although this species is seldom abundant 
m ana one localita , it pros ides a fairb large amount of supenor earl> 
spring and summer forage In the autumn the herbage becomes some- 
what harsh, and, although gra/cd ba cattle and horses, its nutritiae 
' able IS rather low The general forage a aluc is good 

32 Sandberg Bluegrass (P secunda) Tins perennial bunchgrass 
has smooth culms 1-2'/ feet tall, dense, blue-green basal leafage, and 
3- to S-noaaered spikelets It is stnctla a western species and occurs 
throughout the southern half of Saskatcheaa an, northaa est to the \ ukon. 
south throughout the w estern half of the Dakotas to southern Colorado, 
on to the coast of southern California ITis species is confined chiefia 
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to middle and low elevations and is characteristic of scablands, rocky 
knolls, sagebrush flats, and exposed sites. It is of first quality as early 
forage and is also eagerly consumed after curing in the autumn. It 
endures grazing better than many other bluegrasses. The general 
forage value is “good.” 

33. Kentucky Bluegrass (P. pratensis). This introduction from 
England is one of the most important domesticated grasses in North 
America. It is a sodgrass, 1-3 feet tall, with soft, long foliage, an open 
panicle with spikelets that are clustered toward the ends of the 
branches, and lemmas copiously webbed at the base (Fig. 38D). At its 
best Kentucky bluegrass forms a dense sod, but it often grows in small 
patches. It occupies woodlands, meadows, and open ground up to 
timberline, being widely distributed from volunteer seeding throughout 
the United States and northward, except in arid regions and in the 
Southeast. Kentucky bluegrass is highly palatable and is cropped by 
game animals in the spring and by domestic stock at all seasons. It 
endures close grazing better than most species and does best when kept 
grazed doum. It also ranks high for range reseeding and for lawns. 
The general forage racing is “e.xcellent.” 

34. Canada Bluegrass (P. cornpressa). This European-introduced 
plant is a smooth, blue-green perennial with rootstocks. It closely re- 
sembles Kentucky bluegrass but is of lower stature, has a more open 
growth habit, bluer color, more flattened stems, a narrower panicle, and 
has a more scant web at the base of the lemma (Fig. 38£). The range 
is almost throughout North America, but it grows best in tlie eastern 
United States. Although it does well in soils too poor for Kentucky 
bluegrass, the yield is heaviest in clay loam soils. Canada bluegrass is 
essentially a pasture grass. It is closely grazed by all foraging animals 
if not allowed to become too rank in growth. Regeneration continues 
throughout the season where the herbage is kept grazed down. The 
forage rank is “good.” 

35. 'Wheeler Bluegrass (P. nervosa). This species grows 1-3 feet 
tall and may he distinguished from the other native bluegrasses by its 
running rootstocks, tlic rather rigid, slightly rolled leaves 3-8 indies 
^f'ng, and the open panicle about 5 inches long with its slender branches 
that arc mostlv in pairs, bearing spikelets of 3 to 4 florets. It is found 
in open woods, dry meadows, and on old bums of medium altitudes, 
from Alberta and British Columbia, south in tlic mountains to Colorado, 
Mexico, and California. Tlic abundant forage yield is p.alatablc 
all kinds of stock throughout the growing season. The general 
forage value is “good.” 
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Melicgrasses (Mehca) 

The melicgrasses, also called oniongrasses, are perennials, forming 
dense or rather loose clumps, ^\lth simple culms often bulbhke at the 
base, leaf sheath margins united except at the summit, and open or 
narrow panicles with 2- to several-flowered spikelets The glumes are 
thin, broad, shorter than the florets, 3 to 5 nerved, the lemmas are 
rather firm, stronglj nen ed below , thin and shining tow ard the apex, 
rounded on the back, aw ned in a feu species, the upper lemma emptv , 
aggregated into a club shaped mass, the gram is free, oblong or broadly 
spindle-shaped, and channeled Approximately 60 species of melic- 
grasses have been described, some 18 of which occur m the United 
States They' are most common m the Rocky Alountams and the 
Pacific Coast regions The melicgrasses are fairly palatable, but, 
because of their charactenstic scattered growth, are classed as “fillers,’ 
that IS, secondarv forage Bulbous melic and California melic are 
among the most important forage species 
36 Bulbous Melic (M bulbosa) This robust perennial bunchgrass 
grows 2-4 feet tall, has stems with a somewhat bulbous base, rough 
sheaths, erect brown or green panicles 3-7 inches long, with spikelets 
Vi inch long bearing 5 to 8 perfect florets (Fig 38F) Oniongrass 
grows sparscU from western Montana to Bnush Columbia, south to 
Colorado and California Its favorite habitat is in the mountains w here 
jt occupies well drained meadows and open woodland from sea le\el 
to 10,000 feet m elevation The herbage is grazed up to maturity by 
all kinds of stock and hv deer and elk, but its sparse growth reduces its 
forage value which is rated as “fair" 

37. Califoriua Melic ( M miperfecta} This is a slender, erect, 
perennial bunchgrass, 1-5 feet tall, the culms not bulbhke at the base 
The panicle is 3-12 inches long, with spikelets scarcclv % inch long, 
purple-tmged, and usuallv having I perfect floret (Fig 38G) Its 
range is limited chicflv to California and 1 ower California where it 
grows rather sparsely in drv, open woods and on rockv hillsides at low 
and medium altitudes California melic is one of the most palatable of 
the melics Although it docs not withstand heavv grazing, it repro- 
duces well by seed The general forage rating is ‘ fair” 

Bromfcr-vssfs (Brt77m«) 

Tlic ‘ bromes" arc coarse annual or perennial grasses with flat leaves, 
mosclv drooping panicles, glumes that arc shorter than the florets, the 
first 1- to 3-ncrvcd, the second 3- to 9 nerved, lemmas that arc usuallv 
rounded on the back, the tip being minutclv 2-toothed and awnlcss or 
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ulth awns that arise from )ust below the tip, grains that are large, 
amber-colored, prommenth grooxed, and adherent to the palea Of 
about 100 species of bromegrasses 36 are found m the Umted States 
The most important on the western range, either because of their 
high forage rank or because of their objectionable features, are rescue 
grass, California brome, mountain brome, PumpelK brome, soft chess, 
ripgut, foxtail chess, and down\ chess Smooth brome {Bro7fius 
viennis) is a x aluable introduced haj and pasture grass that is used 
extensixeh in range reseeding The bromes are medium to loxv in 
successional dexelopmcnt 

38 Rescue Grass (B catbartiais) An annual in the mild climate 
of the southern states and a biennial m its more northerl> range, this 
species groxxs 1—3 feet tall The leaf blades are narrow, rough or 
sparsel} hairx , the sheaths are rough or hairy, the panicle is open with 
strongly flattened spikelets, the lemmas are compressed-keeled, and 
awnless or nearl> so (Cig 39A) Rescue grass, in addition to being a 
forage species of high repute m the south xx here it is often cultivated 
for winter pasture, occurs m xarying abundance m moderately mild 
climates, including moist areas m the Southwest The forage is eaten 
throughout the grazing season by all classes of stock satisfactory 
results The forage rating over its entire range is fair 
39 California Brome (B catmattts) This stout annual or biennial 
bunchgrass grows 1—4 feet tall, it has abundant, finely-hairy leafage and 
a panicle 4-8 inches long xvith erect branches that display spikelets 
1-1/4 inches long, containing 5 to 10 florets (Rig 39B) California 
brome occupies open grounds of low to middle altitudes It is com- 
mon on the Pacific Coast and extends into British Columbia, Idaho and 
Montana to Nexv Mexico and northern Mexico 
When voung, this species is closely grazed b> all kinds of stock 
As the plant matures the herbage is less palatable, but the seed heads are 
eagerly sought by livestock The yield of forage is large Much after- 
math groxvth IS produced on areas grazed while the plant is still green 
The large seed crop has prompted use of California brome for range 
reseeding in California Sometimes a smut, Ustilago oro7?iivora, at- 
tacks the seed heads, but the damage is seldom serious Ox er-all forage 
rating of California brome is “excellent 

40 Mountain Brome (B 7;/argmatws) ^ This form is a close relatixe 
of Cilifomn brome and grons from 2-3 ‘A feet tall, has soft, smooth 


'Some aBtostolopsts (6) rcEaril the follott.nB forms as sjnonjms of Bromis 
tmnmis B mirsnumu, B ?mramm (a smcd> Califomn coastal pk„t), and 
B totsmhm, nh,ch occurs tn the itiountams of Colorado to Utah south to Ncu 
Mexico and Arizona 
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foliage and a branched panicle It occurs at middle elevations, being 
especially common on the Pacific coast and extending into British 
Columbia, east to South Dakota, Colorado, and western Texas, south- 
ward mto northern Mexico It is an important pasture plant in the 
ponderosa pine and fir belts and is palatable to all stock, being similar 
in forage value to California brome The general forage rating is 
“good ” 

41. Pumpelly Brome (B pwnpellmims). This stout, perennial spe- 
cies has culms P/2-4 feet tall, short basil leaves, creeping rootstocks, 
and erect panicles It resembles smooth brome (B uientm) but differs 
m ha\ing larger spikelets and awned florets (Fig 39C). It occupies 
meadows and hillsides between elevations of 5000 to 9000 feet from 
Colorado to the Black Hills of South Dakota, and to Idaho and Alaska 
This rather heavy yielder proindes palatable forage for all kinds of 
stock and for game animals and withstands close grazing better than 
man) other bromes The over-all forage rating is “good ” 

42. Soft Chess (B mollis). This densely tufted annual is 1-2/2 feet 
tall, with velvety foliage and dense, oblong panicles that support downy 
spikelets (Fig 39D) A native of southern Europe, soft chess is widely 
distributed in the United States, being especially abundant on the 
Pacific Coast The forage is good over its entire range, being taken 
by all grazing animals In Cabfomia, where it contributes heavily to 
the range forage, the author ranks soft chess as the most valuable of the 
annual grasses (tf). After maturity, the plump seed heads are eaten 
with avidity by livestock, the animals miking rapid gams and sohd 
flesh on this feed The seeds are not scattered as soon as those of most 
of the other annual grasses Its general forage rating is “good 

43. Ripgut (B rigtdtis) This tufted annual, introduced from 
Europe, grows 1-2 feet tall and has stiff panicles and drooping spikelets 
that heir stiff awns 2-3 inches long (Fig 39E) It occurs from Cali- 
fornia to British Columbia and east to Idaho, Nevada, and Arizona, but 
rarelv eastward. Ripgut is a common weed on open ground and m 
waste places m California, forming dense stands over large areas in the 
low lands of its range The herbage is highly palatable when young, but 
the species is troublesome after reaching maturity, the long awns often 
causing injury to stock, especially sheep Because of its abundance 
and high palatabilicy when >oung, the forage value is rated as “fair” 

44 Red Brome (B ntbens) This European, introduced, tufted 
annual grows 6-15 inches tall, has scant foliage, and reddish, heavily 
av\ ned panicles resembling barlev’’ heads (F ig 39r) Red brornc occurs 
m scattered stands on the Pacific slopes and throughout the Great Basm 
region It IS grazed onh m the spnng, animals a\ oiding the herbage 
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after the prominent, troublesome auns lusc formed Tlic general 
forage rating is "poor 

45 Downy Chess (B tectormii) Tilts Medtternnean, introduced 
annual grows 15-24 inches tall Ins sparse foliage, narrow, flncU -hairs 
leaf blades, panicles that droop at matunts, and spihclcts witit awaas 
‘/i to % inch long (Pig 59G) Downs chess is common through- 
out the United States except in the extreme South and along the 
California coast and is considered a weed m mans localities Al 
though not litghK palatable, dosvns chess occurs so cxtcnsiscls 
m the Rocks Mountains, Great Hasin, and m parts of the Great 
Plains as to suppl) appreciable carls spring forage of good 
quahts, which is best utilized bs tattle The sharp-pointed, awned, 
mature florets cause some eje and mouth m|urs to both cattle and 
sheep (7) At matunts dense stands of dosvns chess sometimes cause 
so serious a fire menace that effort has been made to eradicate this 
m critical areas The forage rating is "fair 

SsiTtKSSMS (DtfiicHis) 

This genus of loss, rigid, leafs, dioecious perennials is characterized 
by strong, running rootstocks, panicles that arc dense and small, spihc- 
lets that arc flattened, smooth, and assnless, containing 6 to 15 florets* 
and lemmas that arc somewhat rigid and mdistinctls 7- to ll-nersed 
There arc 8 species of DtsuchUs in America and m Australia, 4 occur 
m the United States They occups alkaline nr saline lands and are 
high m salt content 

46 Desert Saltgrass (D stncia) Tins is the most widcls dis 
tnbuted species found m all the western and most of tfic midwcsfcm 
stares (Pig 39f/) Seashore saltgrass (D spreafa) occurs abundanth 
along the coastal strip of the casrero, southern, and svestem states 
These species arc so nearly identical m forage value that thes can be 
discussed together Thes arc rather low m nutrinse saluc, but the) 
do provide much pasturage that endures hcass use The forage is 
better suited for cattle and horses than for sheep I ate in the season 
the herbage becomes tough and low m palatabtlics, but if it is supple 
mented with a ration high m protein, cattle can be maintained m fair 
condition on saltgrass pasture unul late in the fall The general forage 
rating of the saltgrasses IS fair” 

Mssnacrssses (Glycerra) 

These tall, semiaquatic, or marsh perennial grasses base flat leases, 
narrow or spreading panicles, spikelets of few to mans aw nless florets, 
glumes of unequal length, thm and less than half as long as the florets 
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and greenish lemmas with 5 to 9 strong, parallel nerves. There are 
about 40 species of Glyceria in the temperate regions of both hemi- 
spheres with 20 species occurring in the United States, approximately 
one-third of which are found in the West. All of the mannagrasses 
are fairly palatable, but most species are narrowly distributed. Fowl 
mannagrass is probably the most important species. 

47. Fowl Mannagrass (G. striata). This robust bunchgrass with 
culms 1-3 feet tall is the most widely distributed of the mannagrasses 
in the United States. It occurs from Newfoundland to British 
Columbia, south to California, Mexico, and Florida, from near sea level 
to about 10,000 feet in elevation (Fig. 39/). Favorite habitats are 
stream banks, wet meadows, marshes, swamps, and aspen and coniferous 
areas. The succulent herbage is eaten by all kinds of grazing animals 
and is rated good to excellent for cattle and horses and fair for sheep. 
Its value for forage is chiefly in the late summer when the soil is dry. 
A few cases of hydrocyanic acid poisoning have been ascribed to this 
species, but concrete evidence on this point is lacking. The general 
forage rating of this species is “good.” 

In the next chapter are discussed other important native range grasses 
and some grasslike plants of special importance as forage. 

Literature cited in Chapter 8 is presented at the end of Chapter 9. 
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OTHER NATIVE RANGE GRASSES, 
AND GRASSLIKE FORAGE PLANTS 


Grama Tnbe (Chlondeac) 

The mbc Chlondcae is charactenzcd h\ the one-sided spiUcs, race- 
moselv ord,B.tareU arranged, and 1» rhe ap.I-elcts that ha> a 1 to scr ml 
florets arranged along one side of the rachis Although including ) 
SO genera and 300 species, this tnbe embraces man> species that co - 
tnbute much saluablc forage to the western range Tlic most i - 
portant genera are Imffalo grasi, the gramas, the taluabic domcstia e 
ha> and pasture plant Bermuda grass (Cynodoii daetylon), an 
finger grasses (/, S,2}) 


Blffalo Grass (Uucbloe) 

48 ^ Buffalo Grass (B dactyhides) The staminaie plants arc 
larger than the pistillate forms of this low -grow mg dioecious, percnnia , 
stolomferous grass The foliage is gratish green, and the leases nar- 
row, flat, and somewhat curU The staminatc spikclers arc in a srna , 
one-sided spike on a slender culm 4-8 inches tall, the pistillate spike ets 
are crowded 4 or 5 together m heads at the base of the lower shea • 
partU concealed b\ the leases, and the florets arc hidden b\ the 
glumes which form the hard cosenng of the heads (Fig 40^4) 
drought enduring plains grass occurs m an area from w estem Minnesota 
and central Montana, south to Northwestern Iowa, Texas, western 
Louisiana, Anzona, and nonhem Mexico It is usualU associated wit 
blue grama Reproduction is largel} accomplished b\ segetao' 
means from the stolons (6, 29) The herbage, although too short to 
cut for has, furnishes supenor pasturage throughout the >car (^ ; 
The best deselopment is attained m the Great Plains, where it often 
forms a climax cot er The general forage rating is ‘ excellent-” 


Gramas {Bouteloiia) 

These annual or perennial buncbgrasscs or sodgrasses hate fiat or 
rolled leaf blades, spikes crowded with short, stout, 1 -flowered spiL 
1 Numbenng of pUnts discnsscd is continued from Chapter 8 
168 



GRAMA. TRIBE (CHLORIDEAE) 


169 



Tk.. 40. /I, Buffalo grass {Bucbloe dactyloides)\ B, blue grama (Bouteloua 
gracilis); Bu hairy grama (D. birsuta); C, side-oat grama (B. citrtipendula); D, 
black grama (B. eriopoda); E, Rothrock grama (B. rothrockit); F, Rhodes grass 
iCNoris gayana); G, curly mesquite (Hiiaria belangers), and H, tobosa grass 
(H. Jtmtica). 
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lets stub 1 or more mod.hed florets abote the fcrt.lc one, gm.m 
that are oblong and free There arc about J8 spcc.K of " 

them m the Lnited States Thet are most abundant 'he 
Platns and southwestern Ln.ted States, w.th Arizona the 
center of d«r,but.on The gramas oecnps drs sods from I"" 
to ekt ated plateaus The annual spee.es are grazed onh w h™ 
but the perennials are among the most important forage plants in tne. 
namtal habitats Blue grama, hairs grama, s.de-oat grama, and bla^ 
grama are the leading spee.es Of lesser importance ^^e Rothroct 
grama, sprucetop grama, and slender grama Tlie gramas frequenth 

constitute the chmax stand , 

49 Blue Grama (B grjcihf) This looscK tufted, erect perennial 
grous 6-18 inches high, its narrow, short, and curlv basal 
abundant, it has 1 to 2, rarcU 3, dense, onc-sidcd spikes about 1 m 
long, and halrv glumes and lemmas, the lemmas with 3 short awm 
(Fig 40D) It ranges from Wisconsin to Manitoba and Alberta, sout 
to Missouri, Te^s, and southern California, and into Mexico, up to 
about 5500 feet in ele\ ation Blue grama is x cr> drought-endunng an 
ranks first among the gramas as forage The herbage is closcK croppe 
bx all stock when green or cured, making excellent x carlong pasmiag 
as XX ell as choice hax It endures heaxt grazing or close cutting ette 
than mam grasses Under faxorable moisrure conditions it tends o 
form a loose sod The seed habits are fairlx strong The genera 
forage rating is “excellent “ 

50 Hairy Grama (B htrnita) Tins perennial bunchgrass grow 
4-30 inches tall and has leaf blades 2-8 inches long It closcK rcsemb es 
blue grama but is smaller, w iih shorter, broader, and more hairx spi ^ 
and the rachis is prolonged into a stiff pome beiond the last spike et 
(Fig 40Bl) Hairv grama occurs from Wisconsin and South Dakota 
to Texas, Colorado, Arizona, and California south through Mexico 
up to 7>00 feet m elex ation The forage is of high xalue for a 
stock, but, being less w idel\ distnbuted than blue grama, it is not as 
important on the range The general rating is ‘ good ’ 

51 Side-Oat Grama (B ctattpendiiJa) This looselx bunched 
mal has culms 1-4 feet tall, strong, scab , creeping rootstocks 4-12 mch« 
long that produce manx xigorous shoots and abundant leafage, an 
one-sided panicles 6-12 inches long beanng 25 to 50 nodding spikes on 
an elongated axis It groxxs txpicalK as a bunchgrass, despite 
presence of rootstocks (Fig 40C) It occupies plains and 
Maine and Ontano to Montana, south to Man land, Alabama, 
Arizona, and southern California In the plains of Montana it pr^ 
duces a scattered stand, but m the Southwest it is often dominant 
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dry slopes, ridges, and rocky hillsides between elevations of 3000 to 
8000 feet. The abundant leafage is everywhere sought by stock, both 
when green and in winter after curing. The heavier stands are some- 
times cut for hay. The over-all forage value is “good.” 

52. Black Grama (B. eriopoda). This stoloniferous species has 
jointed branches, densely woolly culms, numerous flaglike spikes, and 
conspicuous tufts of whitish, woolly hair at the bases of the loosely 
arranged spikelets. The lower parts of the stems arc often perennial 
(Fig. 40D). Black grama occupies hills, mesas, and dry ground from 
Texas to southern Utah and northern Mexico and is most abundant 
between elevations of 3500 to 5500 feet. It grows best in open grass- 
lands and on dry, gravelly or sandy soils. Originally it formed a 
nearly pure cover over extensive areas, and it still predominates under 
favorable conditions. The leafage is highly palatable and nutritious 
both in summer and winter. Although it withstands grazing fairly 
well, it spreads little on fully used ranges. The general forage rating 
is “excellent.” 

53. Rothrock Grama (B. rotbrockii). This short-lived perennial has 
a meager root system and leafy culms, especially toward the base 
(Fig. ^OB). It resembles blue grama, but it grows in small bunches 
and has more numerous and finer spikes. Rothrock grama occurs from 
southern Utah throughout Arizona and southern California into Me.\ico, 
being especially abundant on mesas and gentle, dry slopes of southern 
Arizona berween elevations of 2000 to 5500 feet. The forage varies 
from fair to good in palatability during the summer growing season but 
does not cure as well on the range as many other common gramas. The 
general pasture value is “good.” 

54. Sprucetop Grama (B. cbondrosioides). Sprucetop grama is an 
erect, perennial bunchgrass 1-3 feet tall, with numerous, slender, flat 
leaves, rather naked culms that commonly bear 3 to 7 woolly, bristly 
spikes, and spikelets that are borne in 2 comblike rows. In the United 
States this species is restricted to foothills and deserts from western 
Texas to southern Arizona, and Mexico. Though cropped most closely 
in the summer, it is moderately palatable yearlong, partly because of 
the numerous short leaf blades. The general rating is “fair.” 

55. Slender Grama (B. filifortnis). This perennial grass is similar in 
appearance and growth habit to sprucetop grama but has larger, nar- 
rower spikes and nearly glabrous spikelets. It ranges from Texas to 
Arizona and Mexico. The herbage is palatable to all stock and cures 
well on the ground. The general rating is “fair.” 

56. Annual Gramas. Several annual species of gramas are common 
in the Soutliwest. Sixweeks grama (B. bnrbata) and Parn' grama 
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(B parryi) are common forms md needle grama (W artstotdes) is 
fairly common These species furnish forage of \aluc m the early 
spring As a group their forage %aluc rates “fair" 

FiNf rn Grassm (CWorir) 

These are tufted perennial or mnunl grasses u ith flat or folded, rough 
leaf blades, 2 to several shows spikes digitate at the summit of the 
culms, and sessile spikclcts, with 1 perfect floret and 1 nr 2 sterile 
lemmas above it, arranged m 2 rows along one side of a continuous 
rachis, the richilla disjointing ahovcihcgliimes Although nospccicsof 
the genus IS highlv important, collcctivelv thev contnburc considerably 
to the forage crop Tlie general forage value of finger grasses is “fai’’ 
57 Rhodes Grass (C gayaiia), and Other Cbloris spp Rhodes 
grass, introduced from Africa, is seeded for forage in the South, notablv 
in Florida and Texas, where it is regarded favorablv (Fig *^00 
Feather fingergrass (C vtrffata), an annual, and windmill grass (C 
ticillata), a perennial, arc weeds m mans localities, but thev soppl) 
forage of some value earU m the season 

Mesquite Tribe (7oysieac) 

The spikclcts of these grasses arc sxibscssile, m short spikes of 2 to 5, 
each spike falling entire from the continuous axis Thev arc mostiv 
l-flowcrcd, the flowers perfect, but in Htlana the 1 -fiowered perfect 
spikelec and the 2 flowered stammatc spikclcts are crowded together 
in the same spike The glumes, sometimes awned, are usuallv firmer 
than the lemma and palca The mesquitc grass tribe embraces onlv 
4 genera in the United States One genus collectively called mesquite 
grasses, or hilanas, is important (6,2!) 

Mesqcites (Hflaria) 

These are perennials, mostly turf forming, with flat or rolled leaves 
and terminal, solitary inflorescences of short, sessile spikes appressed to 
the continuous axis and falling entire This genus includes onlv 5 
species, 4 of which occur m southwestern United States The most 
important are curly mesqmie, galleta, and tobosa 

58 Curly Mesquite (H belmgen) This leafy, wiry perennial has 
creeping stolons that produce a close, firm sod in favorable soil The 
few leafy culms grow upnght, 5-8 inches high, and are hairy at 
the nodes, the spike is purplish, loosely flowered, 1-2 inches long 
(Fig 40G) Curly mesquite ranges only from central Texas to 
Arizona, and south to Central America It is most common on the 
plains of Texas, southwestern New Mexico, and southern Anzona 
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The ele\'itional range is from 1500 to 5500 feet Curly mesquite is 
highly esteemed as forage and supplies excellent early feed The 
herbage cures a\ell on the ground and is palatable to all Inestock at all 
seasons It is unusualh drought-resistant and u ithstands close grazing 
The general forage \alue is “excellent” 

59 Galleta Grass (H jainesn) This erect perennial has numerous, 
rather \\ir>, dull green leaves, an inflorescence of chaffy appearance, 
finelv hair>, often purplish, fading to almost white at maturity It 
occupies mesas, plains, and deserts from W> oming and Utah to Texas 
and Inj o Count) , California, it is most abundant m Arizona and New 
Mexico Galleta grass has strong rootstocks, grow s m bunches on dry 
sites, but forms a sod in moist soils The abundant forage is of highest 
palatabilit) and nutrition during the growing season The general 
forage \alue is “excellent ” 

60 Tobosa Grass (H minted) This species resembles galleta but 
has coarser stems and somewhat tougher leafage, the culms are 
smooth or finely hairy at the joints with manv sterile branches below 
(Fig 40H) Tobosa grass ranges from western Texas to Arizona and 
New Mexico, growing tjpically on dry, open fiats, depressions, and 
foothills The herbage is palatable to all stock, especially when green 
and succulent Although reproduction by seed is satisfactory, the 
strong rootstocks provide the surest means of regeneration The 
general forage value is “good ” 

Timothy Tribe (Agrostideae) 

This large tribe of some 58 genera is characterized by 1-flowered, 
perfect spikelets, borne in panicles It includes 2 valuable European- 
introduced ha) and pasture plants meadow redtop {Agrostts alba) and 
timothy iVbleinn piateiise), m addition, several native species have fair 
to high pasture value Some, however, decline in palatability early m 
the season, others grow too sparsely to supply much forage, still others 
occupy wet, acid soils which are not suitable for foraging until fairly 
late m the season The most important genera are redtops or bent- 
grasses, reedgrasses, muhlygrasses, timothies, needlegrasses dropseeds, 
and ncegrasses Those of lesser importance are the three-aw ns, w olf- 
tails, hairy dropseeds, and sandgrasses (6, 23) 

Redtops 

Tlic redtops or bentgrasses arc annuals or perennials w ith small spike- 
lets and nearh equal glumes longer than the florets Of about 100 
existing species, 32 are found in the United States Redtops arc espe- 
cialK abundant on acid soils m the Pacific Northwest Se\eral intro- 
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duced forms of bcntgrasscs are used ™ Jf"'' 

Meadosv rcdtop (/igroroi a/fcr) is extcnsiscU J 

(aapter 11) Some of the name species rank high ^ 

This genus rates faith high as forage among the perennial g 
Amenca Spike redtop a name hunchgrass, is tjpical in forag 

of the better natii e forage speeies of /Igroslis , 

61 Spike Redtop (A eraruM) Tins pale-green, leaf) 
grows 1-4 feet tall, with erect, dcnscU flowered panicles - j 
long, mostU contracted or occasionalK open, tapenng to a s ^ 
summit The florets usualK ha\c awnlcss lemmas (Fig 4M) P 
redtop IS w ideK distributed and occurs from w estem i e r^ a 
Alberta and Alaska south to New Mexico. California, and 
The herbage is modcratcK palatable to domestic stock, „ 

It reproduces cntirch b\ seed Its general forage saliic is goo 


Reedcrasses 

These tall perennials are bunchgrasscs or sodformers 
IS large, open, or restricted, with small spikclcts basing a 
at the base of the lemma and a rachilla joint produced bev ond i e 
of the palea, the rachilla basing hairs at least half as long as the ^ 
The reedgrasses comprise oser 100 species, 23 of '' i''— -- 
United States B^uejoint and pinegrass, although not "’P". 
rank, are ts pical of the genus (6, 23) Both species are fairlv g 
the succession ^ 

62 Bluejoint (C cafiadensis) This tufted perennial , 

creeping rhizomes, sside, lax leaf blades, an open panicle, and ^ 
with long, copious hairs and straight, slender ass ns (Fig 4 ) 

occurs from sea Icscl to 12,000 feet in elesation, from 
Alaska south to Maryland, Nonh Carolinj, Missouri, Kansas, 

Arizona, and California Bluejomt produces much forage of mo e 
palatabilits , espcciallj for cattle The marshs or sset soil t at 
copies tends to preclude carls season grazing The general forage \ 

IS “fair ” - 

63 Pmegrass (C nibesceni) This tufted perennial has sOT 
creeping rootstocks, culms 1-3 feet high, abundant, ^'^Lg^ths 
leafage, a ring of stiff, short hairs at the junction of the lea s 
and blades, panicles 3-6 inches long, purple or pale-green, narrow , 
densel> floss ered, nearls smooth glumes about 14 inch long, ao _ 
sharp pointed, whitish lemmas (Fig 41 C) rgniral 

Manitoba to Bntish Columbia, south to nonhem Colorado an 
California, ranging up to about 10,000 feet in elesauon 
best at medium eles ations m open, drv ground of the pon 
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lodgepole pme belts The leafage is grazed moderateh b> rattle, 
sheep and horses up to earU summer but becomes tough and un 
palatable thereafter Pmegrass areas must be grazed lightly to sate 
the highU palanble forage species that ty pically occur in the sranu 
Although these more palatable species form but a small part ot tn 
plant coser, thes usualh make up an important part of the usauie 
forage The general rating is “fair 


Mlhlicrasses {Muhlenbergia) 

These perennial or annual grasses have small, pointed spikelets, and 
lemmas usualU longer than the glumes 3 ner\ ed, avened from the tip 
or just below it. The muhU s include some 1 20 species, 40 being found 
in the United States pnncipalK in the Southw cst The\ seldom g^' 
denseU , hence the\ provide onK a moderate volume of forage ^ 
most important species are marsh muhl> and spike muhlv , both of vvhic 
are sodformers, and bush muhlv, a bunchgrass (/5, 29) 

64 Marsh Muhly ( U raceynosa) This erect or suberea perennial 
has creeping rhizomes, narrow leaf blades, and condensed panicles wit 
avvn tipped glumes, the awn exceeding the awnless lemma (Fig ^ \ 

Marsh muhl) occupies moist sites and low grounds from New foundlan 

to Bncish Columbia, south to Marv bnd, Kencuck) , Oklahoma an 
Arizona The elevaoonal range is from near sea level to 8500 fecc- 
The herbage is palatable to all stock throughout the growing season 
If cut before seed matunt) , it makes satisfactor> ha\ The genera 
forage rating is “good ’ 

65 Spike Muhly (ill •ungfetw) This tufted perennial has flattened 
stiff, usuallv erect culms narrow leaves and dense, spikelike panicles 
(Fig 4lE) The range is from Colorado and Utah throughout the 
Southwest, mostlv on wooded lands between altitudes of 5>00 to 9000 
feet It is adapted to manv conditions but is abundant onlv m localized 
areas Spike muhlv is among the most palatable species of the genus, 
being sought bv all stock, and it endures grazing rather well The 
general forage ranng is ‘ good ’ 

66 Bush Muhly (^U porten) This branched, stiff stemmed 
slender, perennial bunchgrass grows up to 2 feet tall, has open panicles 
2-3 inches long and spikelets about *4 inch long, the lemmas being 
short aw ned Bush muhl> , a srnctl> w estem species, extends from 
western Texas to Colorado, Nevada, and southern California, ranging 
up to 7000 feet in elevation It is most abundant on dr\ mesas and 
ndges of the Southwest Although seldom growing denselv, bus 
muhlv IS nev erthcless a v aluable forage plant The herbage w hen gr«n 

js grazed avidlj bv all stock, whcnit isdrv, with moderate gusto Tne 
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perennial culms, which are coarse but not tough, are devoured in the 
winter by cattle and horses almost as closely as are the leav’cs. It does 
not stand close grazing or heavy trampling. The general forage rating 
is “good.” 

Timothies (Phlewii) 

These are perennial grasses with erect culms, flat leaf blades, dense 
spikelike panicles, cylindrical or oval-oblong, flat, 2-horned spikelets, 
and awned glumes. Of the 10 existing species of Phleiim, alpine 
timothy is the only native species in America. 

67. Alpine Timothy (P. alpmwn). This tufted perennial grows 
Vi-1 feet tall, has somewhat bent, semicreeping culms, flat, smooth, 
wide leaves, and dense, oval-oblong panicles Vz-Z inches long, usually 
purple. It is distinguished from cultivated timothy (P. pratense) by 
its lower stature, shorter leaf blades, and shorter, oval-oblong panicle 
(Fig. 42/4 and B). Alpine timothy is common in mountain meadows 
and wet sices from Greenland to Alaska, south to Afaine and New 
Hampshire, northern Michigan, and the mountains of the western states. 
The herbage is relished by all domestic stock, particularly cattle and 
horses, and by elk and deer. It withstands grazing well. The general 
forage rating is “good.” 

Needlegrasses (Stipa) 

These are perennial bunchgrasses with numerous, mostly basal, nar- 
row or rolled leaves, open or narrow panicles, narrow, long-awned 
spikelets, and hardened lemmas ending in a long, bent, nvisted, and 
saniecimes feathery awn. There are about WQ species of needlegrasses 
throughout the temperate regions of both hemispheres. Some 34 
species occur in the United States, most abundantly in the Southwest. 
Most needlegrasses are grazed by all herbivores. The awns and the 
sharp-pointed seeds occasionally cause annoyance to stock. The seeds 
are self-planted by virtue of the twisting of the awn. The successional 
rank is high. The most important forage species are: green needlegrass, 
needle-and-thread, sleepygrass (all of which are discussed below to rep- 
resent the forage value of the genus), Columbia needlegrass, Letterman 
needlegrass, western needlegrass, and foothill needlegrass {6, 23). 

68, Green Needlegrass (5*. virtdtda). Tliis coarse grass grows I ^-3 
feet tall, has abundant basal, inrolled leafage, green, loosely spikelike 
panicles 4-8 inches long, and rather short, twicc-benr anus (Fig. 42C). 
It occurs on plains and dry slopes between 2000 and 9000 feet in eleva- 
tion, from New York and Wisconsin to Alberta, south to Kansas and 
New Mexico. The herbage is palatable and often succulent throughout 



Fig. 42 
pratense) 


r Alpine timothj (Pblami alptmnn), B, culnvated nmoth> < 
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the summer, and is especially sought by cattle and horses The general 
forage rating is “good.” 

69. Needle-and-Thread (5. coimta). Needlc-and-thread is recog- 
nized by the loosely curled awns 4-6 inches long and the loose, pale 
panicles 6-10 inches long (Fig 42D). It occupies dry, sandy plains, 
mesas, and foothills up to 8500 feet in elevation, from Indiana to the 
Yukon Territory, south to Texas and California The forage value 
varies in different regions, but the leafage is usually palatable m the 
spring and again in the autumn after the seeds have been shed The 
abundant herbage cures well and is often grazed closely in the inter. 
In some localities the stand has been seriously thinned by overgrazing 
The general forage rating is “good ” 

70. Sleepygrass (S. robusta) This coarse bunchgrass has light- 
green foliage, grous 3-6 feet call, Iws leaf sheaths fringed at the throat 
with numerous \v hite hairs, often sparsely hairy on the margins, densely 
flowered panicles up to 1 14 feet long, and glumes about Yj inch long 
with hairy lemmas ^4 mch long and twicc-bent awns 1-1 Yz inches long 
(Fig. 42E). Sleepygrass grows in scattered stands in open canyons, 
hillsides, and parlvs from Colorado and western Texas to southern 
California and into Mexico, from 5000- to 9000-fooc elevations The 
herbage is low in palatnbility but is sometimes grazed closely in the 
absence of better forage It is reported to be mildly poisonous to 
livestock, although authorities disagree regarding its effect (17, 2S). 
It IS said to produce a narcotic reaction in horses and sleepiness in cattle 
and sheep, but the poisonous substance has not been isolated. The 
general forage rating is “poor.” 

Dropseeds (Sporobolm) 

The dropseeds are perennial or, rarely, annual grasses, with narrow, 
spikehke, or loose, spreading panicles and small spikelets, the lemma 
1-nerved, awnless, thm, shining, and longer than the glumes About 
100 species grow m the tropical and tenipemte regions of both 
hemispheres, 36 of them in the United States Alany dropseeds are 
leafy, and they are palatable to all stock Alkali sacaton, sacaton, and 
sand dropseed are among the most valuable species Some species 
thrive on alkali lands of the Southwest, where they provide hay and 
pasture primarily for horses and cattle (29). 

71. Alkali Sacaton (S airotdes) This robust, rigid perennial bunch- 
grass, called alkali dropseed m some localities, grows 1-3 feet tall, has 
narrow leav es, smooth beneath and rough above, a pale, open, pyramidal 
panicle 5-15 inches long, spikelets mch long, glumes that are 

sharp-pointed and nerveless, the first half as long as the second, and 
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lemmas blunt at the tip and about the same length as the second glume 
(Fig 43/1) It occupies alkali flats and open plains from Washington, 
northern South Dakota and Missoun south to central Texas and south- 
ern California In the Southwest, the denser stands produce abundant 
herbage which is grazed moderatelj during the growing season b)^ all 
stock Upon rnarunn alkali sacaton is of low palatabihtv and is 
cropped but lightly in w inter The o\ cr all forage \ alue is “fair ” 

72 Sacaton (S ’isrjghtit'} This stout, perennial bunchgrass grows 
2-8 feet tall, has leases 1-2 feet long, rolled or sometimes nearl> flat 
and a narrow panicle, 1-2 feet long, the spikclets being about %o 
long (Fig 43C) Sacaton occupies alluMai fans and arroyos up to 
7000 feet m elevation from southern California and northern Texas 
southward throughout the nonhem half of Mexico Fonnerl> it pro- 
duced dense stands on nver bottoms m the Southwest The herbage 
IS grazed b\ all stock, carlv in the season but only moderatcl> after 
matuntv The general forage rating is “fair ” 

73 Sand Dropseed (5 cryptandnis) This perennial bunchgrass 
grows m small clumps and is recognized b> the conspicuous tufts of 
long white hairs at the summit of the sheaths It inhabits sandv or 
gravelly soils up to 8000 feet m elevation from Maine and Ontario to 
Alberta and Washington, south to North Carolina, Indiana, Louisiana, 
Arizona, and northern Mexico The best stands occur in the South 
west, where it sometimes spreads rapidly It is a prolific seeder and 
reproduces well under rational management. The green herbage is 
grazed w ith gvisto bv all stock and is fair to good w inter forage (6, 29) 
The general forage rating is “fair “ 

Ricecrasses {Oryzopsts) 

These are perennial bunchgrasses with flat or roiled leaves, narrow or 
open panicles, and short, thick Jemmas with shore awms that fall at 
matuntv There are about 25 species of ncegrasscs, 15 occurnng m 
the United States Manv are palauble, but few are abundant Smilo 
or San Diego grass (O vubaceae)^ introduced from the Mediterranean 
region, is used for range reseeding m California Indian ncegrass is 
the most important native forage species 

74 Indian Ricegrass (O hymenoides) This dense bunchgrass 
grows 1-2 feet tall, has spikclets in loose, spreading panicles (5-12 inches 
long, branches m pairs, leaves flat or inrollcd, 6-15 inches long, glumes 
persistent, broad, 3- or 5-nerved, lemmas about one half as long as the 
glumes, florets white silky, and awn straight, up to inch long 
(Fig 43C) It grows in scattered stands on drv, sandy soils with 
sagebrush, mesquite grasses, and gramas from Manitoba to British 
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Fic. 41. A, ARali sicaion {SporoboUu airoidts) ', B, sacaton (S. arrif-fclij); 
C. Indian nccgrais KOryzapsU bymcnoidcsU I). red Wrij/ida /onp- 

E, nnlftail a.}r„n„ phleo.dc): t, pme drnjisccd ( B/eptaro,,«,ro,, mrfcn- 
Irpi,); O, prairie randgrasa ^ahmovlla lone.fnlM); H. big bluestcn, (/InJrn- 
peson serardn); I, little bluestcm (A. rroparntr); /, Johnson ptaaa (Sorsh-t-t 
ia/rp™e)-. and K, trae can>ct fc-raas Wannopor romprrtrnr). 
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Columbia, south to Texas and Caltfomta The herbage is “t^med bt 
all stock earU m the season and also m autumn and « inter 1 he larg , 
numerous seeds are much sought b\ stock Formerlt this tvas h"' 
the most common grasses of desert ranges, but “Srarmg 
destroted much of the stand It responds fat orabl> to deterre 
grazing The general forage talue is “good” 


Three-Aw'n (Artsttda) 

These grasses also called “dogtottn grass,’ are recognized bt the 
3-cleft atm and the sharp pointed, stifllt hairt base of the lemmas 
There are about 200 annual and perennial species of three awns, some 
36 of which occur in the United States, rnostl) m the South and 
Southwest. The\ \ar> in forage value, collecmelv ranking low, but 
thev do supplv earlv spnng feed of fair qualitv, especi3ll> in t e 
Southw est. Red three aw n is fairlv tv pical of the perennial species 
75 Red Three-awn {A longtseta) This denscl> cushioned bunch- 
grass grows 114-2 feet tall, has sharp-pointed, inrolled leaves, erect 
narrow panicles, purplish spikelets, lemmas about Yz inch long, and aw n 
divisions up to 4 inches long (Fig 43D) It occupies drj, sand> soi 
of plains, foothills, and mesas over much of the region west of the 
Mississippi The forage value vanes from nearlv w onhless to satisfac- 
torv, depending largeU on the associated vegetation and on the season 
w hen pastured The general forage rating is “fair ’ 


WoLFTAiLs (Lycunis) 

The wolftails are slender perennials with gravish, bnstl>, spikclike 
panicles, and spikelets that are borne m pairs, the lower pair stenle, the 
two falling together OnU 1 species occurs m the United States 

76 Wolftail (L phleotdes) This species is sometimes confused with 

umothv , but it has narrow er leav es and more slender heads w ith longer, 
slender awns (Fig 43£) k grows tvpicallv in scattered stands be 
tw een elev ations of 4000 to 8000 feet from w estem Texas New Mexico, 
and Anzona south into Mexico Wolfuil produces good forage, 50 to 
75 percent of which mav be grazed >earU on properlv managed areas 
The foliage cures well on the ground With the advent of rainv 
w eather the semiperennial stems again become succulent and palatable 
The general forage ratmg is “good ” 

BEARDLr,ss PiNETRAss {BlepboTonettron) 

This perennial bunchgrass has narrow, open panicles, with subequal 
rather broad glumes and 3 -nerved lemmas, the nerves denselv silkv 
hairv 
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77. Pine Dropseed (B Utcholepts) This is the only species of the 
genus (Fig 45F) ft occurs in mountain glades or parks, or m open 
timber on moderately drv» rocky soils from Colorado and Utah to 
Arizona, a\estern Texas, south into Mexico The >oung groavth is 
palatable to all livestock, being about equal to that of mountain muhl) 
The stems and seedheads are usually ignored or are lightly grazed late 
in the season The general forage rating is “good ” 

Sandgrasses {CaloTfiovilfa) 

These are rigid, usually tall perennials with creeping rhizomes, narrow 
or open panicles of short-pediceled spikelcts, unequal, l-nerved glumes, 
and I-nerved, awnless lemmas There are only 4 species of Calnifwvjlfa 
m the United States, 2 occurring in the West Prairie sandgrass is the 
most important forage species 

78 Prairie Sandgrass (C lo7igifoha) This drought-enduring spe- 
cies grows 2-6 feet tall, has strong, scaly rhizomes, tapering, long, 
slender leaves, and glumes shorter than the floret (Fig 43G) It oc 
cupies dry, sandy soils from Michigan to Alberta, south to Indiana, 
Colorado, and Idaho The forage is lightly grazed during the growing 
season but is important as winter pasture and for ha> The strong 
rhizomes are effective m binding loose, sand}’’ soil The genera} forage 
raung is “fair ” 


Sorghum Tribe (Andropogoneae) 

The tnbe Andropogoneae is characterized b> the hardened glumes 
and bv the paired spiUelets, 1 perfect and sessile, the other pediceled and 
usually sterile, borne on a usually jointed rachis forming slender racemes 
The tribe includes about 6> genera, of w hich the bluestems are the 
most important as forage The sorghums and Indian grasses also ha\e 
some pasturage \ alue (S^ 23) 

Bluksifm Gr-^sses (Andropogoii) 

These are slender, somewhat coarse, solid-stemmed perennials with 
long, narrow lea\cs and terminal or a\iUar> racemes There are ap- 
proxnmteli 200 species of bhiestems, some 32 occurring m the United 
States Thc\ are most abundant m the southeastern states and m the 
Midwest Most bluestems arc grazed up to htc summer, but after the 
seeds ripen the foliage becomes rather unpalatable and low in nutrition 
Ihg blucstcm and little bhicstcni arc the most important species 

79 Big Bluestem (A tierardt) Until rcccntlv known as A fur- 
catiiSf this robust, bluish green climax perennial has short rhizomes, 
grows 3-6 feet call, has flat leaf blades with rough margins, has 2 to 6 



184 OTHER NATINT GRASSES AND GRASSLIKE PLANTS 

purplish racemes 1-A inches long digitate on a long exserted peduncle, 
has sessile spikelets about >/, inch long, the awns tightl) twisted below 
and about '/, inch long (Fig 43H) Big bluestem occupy dn 
habitats prairies and open woods of medium elevations from t^e ec 
and Maine to Saskatchewan and Montana, south to Florida, Texas, 
Wvoming, Ltah and Arizona Forage production is exceptionaUi 
large When succulent, the herbage is highl) palatable to stock, but 
the mature leafage is not grazed b> choice (S, 16) The denser stan s 
are often cut for ha> The general forage rating is “excellent 

80 Little Bluestem (A scopanm) This purplish or bluish grem 
perennial bunchgrass has erect culms 1-3 feet tall, the upper half branc 
mg freeK , racemes 1-2 ‘/i inches long, slender axis flexuous hair\ , and 
sessile spikelets about 14 mchlong\tithawns Vi—’/z inch long (Fig 43 ) 
Little bluestem occupies dr\ hills, prairies, and open ^\oods of medium 
elevations in ever> state except Washington, Oregon, and California 
and often forms the climax cover It produces a large volume o 
forage that is grazed with relish while it is voung and tender t 
supplies much pasturage up to midsummer, particularlv for cattle an 
horses The general forage rating is ‘excellent.'’ 

Sorghums {Sorghum) 

The sorghums are tall, robust annuals or perennials with unbranched 
culms and long flat leaves The racemes are reduced to one or icv' 
joints and borne in large panicles The sorghums are best knowxi for 
their sweet juice, as in sorgo or saccharine sorghums, and as fodder 
and ha) plants, like Sudan grass, kafir, and milo Late in the season 
the sorghums sometimes produce cvanogenetic compounds that cause 
poisoning of grazing animals Johnson grass is the most common 
perennial pasture species . 

81 Johnson Grass (S halepejise) This robust, smooth perennia 
has extensive, scalv rootstocks and open, reddish or purple panicl^ 
hairv at the base, 6-12 inches long (Fig 43/) It is name of the 
Mediterranean regions and is well represented m the eastern, mi 
western and southern states, including Tsew Mexico, Arizona, and 
southern California WTicn > oung the leafage is palatable and w hole 
some to all stock. On cultivated land, cspeciallv m irrigated areas it 
IS often a troublesome weed although it is a hear) )ie!der It ts 
perhaps most popular for forage m the cotton belt. In the aurun^ 
Johnson grass sometimes causes livestock poisoning, because of t e 
presence of prussic acid {17, 18, 25) It produces a large volume o 
herbage, and its general forage racing is “good ’ 
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Indian Grasses {Sorghastnmi) 

These are erect, tall perennials, with auncled sheaths, flat, narrow 
leaves, terminal panicles of numerous 1- to few-jomted racemes, the 
sessile spikelet uith a bent and twisted awn about inch long, the 
pediceled spikelet anting Indian grass is the most important native 
forage species of this group 

82. Indian Grass (S mitans) This climax species grows 3-8 feet 
tall, has short, scaly rhizomes and narrow, dense, yellowish panicles 
The distribution is from the Atlantic Coast states to Montana, south to 
Arizona, New Mexico, and Mexico, where it occupies praines, open 
\\ oods, and drv slopes It is a common constituent of wild “prairie” 
hay in the eastern Great Plains region The forage is of exceptionally 
high qualit) during the period of rapid growth, and it is also grazed 
with considerable relish after curing. The general forage rating is 
“excellent’’ 


Millet Tribe (Paniceac) 

The tribe Paniceae has spikelets jointed on the pedicel below the 
glumes, and 1 terminal, perfect floret, with a staminate or neuter floret 
below, the fertile lemma being firmer than the glumes 

It IS a large and important tnbe m the tropics and regions of mild 
climate, as in the southern states The most important forage genera 
are the panicgrisses, the carpet grasses, and the paspalums (^, 13). 

Pamcums {PoTuctnii) 

These are annuals or perennials, the pedicels of the spikelets being 
jointed bclou the glumes, the entire spikelet falling intact, the firat 
glume IS small, the second glume and sterile lemma commonly about 
equal, the three of like texture and formerly regarded as three glumes 
Paniciwi IS tlie largest genus of all grasses, and includes more than 500 
species, most of xshich arc warm-season growers Some 175 species 
occur in the United States, with their center of distribution in the 
Southeast Several species arc found in the Southw csr. Although of 
greatest xaUic in the southeastern states, the panics do contribute 
measurably to the seasonal forage m Arizona, New Mexico, Texas, and 
Mexico Their palatabihtx’xancs from almost worthless to good The 
more robust forms are best utilized by cattle and horses, usualls only 
up to about midsummer Parigrass (P. pifrprtrjfccns), a perennial in- 
troduced from South America, has been cxtcnsucly seeded on ranges 
from soutlicm Texas to the soiuhcastcm seaboard \bnc-mcsquitc 
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(P obtuswn), a stoloniferous species, and bulb panic (P bulbostnn), 
w hich has culms w ith bulblike bases, are common in the Southwest and 
Texas, \\here the^ are grazed \Mth moderate gusto by most stoc 
Halls panicum (P halhi), which occupies dry to moist ground in 
Texas and Arizona, produces abundant forage on bottom and 

irrigated fields The general pasturage rating of panicgrasses is “fair 

83 Switchgrasc (P ^IrgiT^l/7H) This is a species with strong, creep 

mg rhizomes, it occurs in e\er\ state east of the Mississippi Ri\er an 
westward to southern Manitoba, eastern Montana, eastern Ise\a a, 
Arizona, and western Texas, and southward throughout Mexico Li e 
most panicgrasses, this species is palatable while > oung but not high > 
relished after matunt) (28) 

Carpet Grasses {Axonopus) 

There are but 3 species of carpet grass m the United States, all 
inhabiting the humid Southeast 

84 True Carpet Grass (A co7iipresstis) This stoloniferous peren- 
nial grows 8-24 inches tall, has flat and abruptU pointed leaf blades and 
slender, somewhat digitate racemes (Pig 43K) It occurs from Florida 
to southern Louisiana, where it is often abundant on moist muck soils 
Its forage rating is “good “ 

85 Carpet Grass (A afjims) This species, which has narrower 
leaxes and less prominent stolons, occurs from Nonh Carolina to Texas 
The forage rating is “good ’’ 

PxspvLUMS (Pjjpa/rw/) 

These grasses base subscssilc, mostly obtuse spikclcts which are 
sohtars or m pairs arranged m txvo rows on one side of a narrow or 
dilated rachis, the first glume is usually wanting, the second glume and 
the stcnlc lemma are of about equal length Paspalums are most 
abundant in the Southeast, and m the tropics Dallis grass (P 
tattmt), name of South America, is xaluable in dairv regions of the 
southern states, and in mild climates and moderateU moist soils of the 
West Smooth paspalum (P pibbflonnn \ar glabnnn), a name 
species, IS fairU abundant m some sections from Texas to the south- 
eastern seaboard, where it presides fair to good forage {28) Florida 
paspalum (P fJoridana), occurring from Kansas and Texas easmard to 
the coast, is likewise moderatcK pabtable Vases grass (P utvjH^)^ 
another South American species, is palatable to stock and is used for has 
m the Southeast The general rating of the paspalums is ‘ fair” 
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Comparative Forage Values of the Tribes 
The compamtive values of the eight tribes considered-based on the 
over-all rank of the individual numbered grass species discussed n 
Chapters 8 and 9, are summarized m Table 1 The comparisons are 
derived by assigning a value of 4 to species rated as excellent. 3 as good, 
2 as fair, and 1 as poor 


TABLE 1 


Comparative Forage Valve of Tribee. as I»dicated by the Species Rated 
AS ExcELi-E’aT, Good, Fair, or Poor 
Tnit RatmgoJ Spifcs Tribal Raling 


Excellent 

Ont tribe (Avcneae) ® 

Barley tribe (Hordeae) ^ 

Fescue tnbe (Festuceae) 6 

Grama tribe (Chlondeae) 3 

Mesquite tnbe (Zojsieae) ^ 

Timothy tribe (Agrostideae) 0 

Sorghum tnbe (Andropogoneae) 3 

Millet tribe (Piniceae) 0 


Good 

Fair 

Poor 

Numencal 

General 

6 

1 

0 

20 

nfth 

1 

11 

0 

37 

Third 

12 

6 

1 

73 

First 

3 

3 

0 

27 

Fourth 


0 

0 

11 

Seventh 

10 

1 

7 

1 

45 

Second 

0 

0 

15 

Sixth 

2 

1 

0 

8 

Eighth 


The fescue tribe, with 6 species rated as excellent, 12 as good, 6 as 
fair, and only 1 as poor, ranks first in importance It includes such 
xaluable genera as Poa, Fesmca, and Brmmis, these probably rating in 
forage contribution in the order named The timothy tribe, though 
containing no species in the “excellent” column but haxing sexeral m 
the “good” column, is second in importance, Mublmbcrgia, Sporobolm, 
and Supa being the outstanding genera in natne forage production 
Tlic barlex tribe and the grama tribe rank third and fourth, Agropyron 
being the most important genus of the former, and BKchloe and 
Bomeloui, of the latter The oat tnbe is seen to be w ell out ahead of 
those of moderate mnk in the West Other w orkers might conceix abb 
rcNcrsaC the ntmt; of some of the tnhes, however, the species of tlie nnt 
four tribes will presumabK continue to enlist the chief interest of the 
grass breeder and the range imnagcr 


The Grasslike Plants 

Tlic sedges (Citrex spp )-mcmlicrs of the sedge famib (Cx pcraccae) 
-nnd rushes (/rma/r spp and Juncoides spp )— genera of the nish 
fam.K (Juncaeeae)-are popularb termed “grasxhke plants, because of 
their resemblance to grasses Seasonalb, tliex provide considerable 



188 OTHER X\TI\ E GRASSES AND GRASSLIKE PLANTS 

forage of fair to good nucntion for Inestock, especiaUj cattle and 
horses and for wildlife (23) Since more species of these plants grow 
in marshes and wee meadows than in dn sices, thei are most extensive!) 
grazed m summer and autumn when the soil is moderateh dr) 

It IS important to distinguish between the genera of grassJike plants 
and those of the grasses, since ihe\ differ both ecological!) and eco- 
nomicallv 


DiSTiNcnovs Between Grasslike Plants anT) Gr.asses 
Sedges ma\ be disanguished from grasses m the following wa)'s {21) 

1 The steins of sedges are inangular, jointless, and solid, the leaves 
} ranked, and the leaf sheaths closed 

2 The stems of grasses are generall) hollow , C) hndncal, and jointed, the 
lea\ es 2 ranted, and the leaf sheaths usualU split 

Rushes {Juneus and Juncotdei) are readiU distinguished from grasses and 
sedges 

1 The flowers of rushes arc regular and, though diminutive, similar m 
form to those of a iiU. having a perianth composed of six bractUke 
scales and 3 to man) small seeds borne in a capsule or small pod 

2 The flowers of grasses and sedges are not sjmmetncal, the penanth 
being irregular and mconsptctious or obsolete, and are subtended b) 
huskhke scales, each flow er producing but a single seed 

Species of Grasslike Plants 
Sedges {Carex) 

The sedges, numbering 1000 or more species, compose one of the 
largest genera of flowenng plants m the world In addition to pro- 
viding forage, the rootstocks or rhizomes and fibrous roots afford 
effeenve soil protection against erosion Two representative species 
are discussed here 

Threadleaf Sedge (C fihfolia) This sedge, also called niggerwool 
(Fig 44i^), ranges from Texas and California to the \ ukon Temtor) 
and Saskatchewan, between elevations of 3000 to 12,000 feet It com 
monlv occupies open, wcll-dramcd grassland and moist, open nmber 
areas The forage value vanes from fair to more generallv good for 
all stock, being of highest v alue earlv in the season The stout, fibrous 
roots endure heaw trampling, and the species is fairlv resistant to 
drought (fi) The general forage value rating is “good ’ 

Ovalbead Sedge (C fesmelh) Ovalhead sedge occurs rather com- 
monlv, but seldom m pure stand between elevations of 6500 to 12.000 
feet from New Mexico westward to the Sierra Nevada of Califomiit 
and northw ard to Alberta It fav ors moist, open meadovvs and hillsides 
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Fk. -H. a, ThraJlcaf sedge (Orfjr filifolhU left, staminste spile; right, achene. 

B. Osalhcad sedge (Cerce fetriieHa); left, the pistillate spile, right, an achene. 

C. Wire nisli Uminis MiicuO. shots inp periinth and capsule. D, .Millet ssoodnish 

{juncoidet part'i/Tntimi); left, the perianth, right, the capsule. 
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and avoids vvaterlogged areas Sheep are fond of the fine, tender, 
bnght green herbage but it is sought more eagerl> b> cattle and horses 
throughout the grow mg season Reproduction is largeU from achenes 
(seed) since the short rootstocks do not give nse to new shoots remote 
from the parent plant (Fig 44B) Continuous close grazing soon 
destrov s the stand Although its palatabihtv v anes somew hat accord 
ing to localit> the general forage rating is ‘ good ” 

Rushes (Jtmctts and ftmcoides) 

]imciis, with about 21> species, is the largest genus of the rush 
familv (Juncaceae), Jtmcoides, the onU other genus of the familv, 
embraces some 65 species TTvev are mostlv perennial plants and are 
chieflv found m w et meadow s and sw amps 
As forage, thev rank from fair for sheep to fair to good for cattle 
and horses Elk are seasonallv fond of scv eral species 

Wire Rush {Jiinais balticus) Among the most common species of 
J uncus IS wire rush, whose vanous races range from Newfoundland 
and Labrador to Alaska, California, New Mexico, Missouri, Nebraska, 
and Pennsvivama (Fig 4-tC) The elevation ranges from sea level, 
through V allev s and deserts, to near timberhne It occupies v anous soil 

tvpes preferablv of high moisture content, and is a common component 

of meadow hav, especiallv m Colorado The forage value is variable, 
but it IS utilized best b\ cattle and horses earlv in the season Pure 
stands are cropped lightU, but covers composed of some 25 percent 
of wire rush are grazed fairlv close b\ cattle, horses, and sheep (O 
The elaborate root sjstcm and numerous rootstocks account for the 
lenacitv of wire rush on closciv grazed areas and for its usefulness m 
soli protection The o\ er all forage rank is “fair 
Millet Woodrush (Jt/ncoidej pjrvifJorurn) Woodrushes 
coides) differ from rushes ijunens) m that the capsule (seed vessel) 
of Jtmcoides bears 3 seeds whereas in Juncus the capsule is manv 
seeded, also in Jtmcoides the leav cs are softer and flatter, and the culms 
are hollow and more Icafv 

Millet woodrush is fairlv tvpical in growth habit and forage value 
of the genus (Fig 44D) It grows m low, wet woods and open, moist 
meadows from Alaska to Labrador, thence to New \ork, Mmnesota 
New Mexico, and California occurring m the mountains of the w estem 
states Tufted hairgrass and species of sedges are common associates 
The herbage is grazed more extcnsivclv bv cattle than b> sheep because 
of the mirv habitats to which it is largelv confined The palatabihtv is 
perhaps highest m autumn, since the leafage tends to remain green and 
tender when associated plants have matured The slender rootstocks 
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afford protection from injury by trampling. The general forage rating 
is “fair.” 
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Chapter 10 


IMPORTANT WESTERN FORES AND 
SHRUBS AS STOCK-FOOD PLANTS 

In this chapter we will briefly discuss the more palatable and useful 
forbs and browse plants of the West. Whereas grasses contribute 
much of the natural western range forage, domestic livestock and big 
game animals feed extensively on browse in winter and on browse, 
forbs, and grass at other seasons (12). 

Forbs and Shrubs as Pasture Plants 

Forbs— sometimes called weeds— are relatively low-growing, non- 
grasshke annual or perennial broad-leaved plants, the herbaceous top 
growth of which dies back to the ground each autumn. Forbs such as 
the clovers, filarcc, dandelion, and cow parsnip contribute in no small 
wav to the hay and pasture crops. But forbs are less valuable than tlie 
grasses for the following reasons: (1) they seldom occur in dense 
stand; (2) few species cure well on the root; hence they provide little 
feed after maturity; (3) they arc more readily injured by grazing than 
grasses; (4) many species arc poisonous; (5) few arc climax in the 
stand and often are replaced by grasses and other plants; (6) they pro- 
vide less protection to the soil than grasses. Even so, the presence of 
palatable forbs is an asset to any range. 

Browse, tlic other group discussed here, includes woody deciduous 
or nondcciduous shrubs or trees, the sprouts, twigs, stems, vines, and 
leaves of which arc cropped by livestock and wildlife. Browse plants 
occur at all elevations and life zones but arc most abundant in desert 
regions, particularly on alkaline or saline soils (2, 4). Such common 
shrubs as deerbrush, bitterbrush, ccanothus, saltbushes, serviceberrs*, 
and \\ interfat arc highlv regarded browse plants of mountains and low- 
lands. Tlic seasonal nutritive value, especially of the nondcciduous 
browse species, tends to vary* less than in grasses and forbs (72, S). 
Iritis fact accounts for the generally satisfactory condition of stock 
maintained largclv upon brtjwsc range in wdntcr. 

Hating of the proper use or palatabiliry of browse plants is based on 
193 
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45. Tlic eight upper Uiacrams show arrangements of the more common 
fonns of inflorcsctnccs, ami the lower «»nes i»onray the fruits of man> common 
fotiis anil brow^ plants. Note the means of dchtsccncc of some of the fruits 
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the accepted concept of the degtcc to «h.ch the herbage 
reach of stock is grazed it hen the range is properh utilized lh« 
ratings as here set up are stifficlcutK broad to be rcadili 
excellent, SO and higher, good, 60 to SO, fair, 40 to 60, poor. 


'°T?e mam thousands of forb species ithich conmbute to the range 
forage clearli exceed those of the grasses When the numbers o 
browse specics-totalmg se\cral hundred-are mcluded, these 
groups far outnumber the grasses On most western ranees a sea 
tered stand of palatable fnrlw and browse plants is desirable, because 
the\ add \anet\ to the diet and commonK enhance the nutntiona 
intabeof In estock and wildlife On predommantK grass range, on i c 
other hand suitable management should present conspicuous rep ce 
ment of the grass bs forbs and brush plants Sclectnc, close grazing 
bs cattle since thes largeU prefer the grasses fasors insasions o 
forbs, browse, and unpalatable shrulis, grazing b\ sheep or goats since 
the) prefer forbs and browse to grass, favors invasions of the grass 
cover Conservative grazing bv lioth cattle and sheep where a com- 
bination range of grass, forbs, and browse justifies it, helps to maintain 
a desirable balance among these plant groups 
Since reference will occasionalK be made to the nature of t e 
inflorescence and fruit peculiar to the different species discussed here 
the more common of these charaacnstics are shown in Fig 45 
The forb and browse plants arc here discussed under the families to 
which thev belong Although the plants that have some food 
belong to manv different families the more palaublc, wholesome, an 
vvidelv distributed species arc mcluded in but a few families * 
families embrace most of the foibs, and nine families comprise m 
outstanding browse plants on the western range These arc 


Impoktast Forb Famiues 
Pea or legume fam3\ (LegommoMc) 
Carrot or parsle> famil) (Umbelli 
ferae) 

Geranium family (Geranuceac) 
Sunflower or composite family <Con»- 
positae) 

Borage family (Boragmaceac) 

Primrose family (Onagiaceae) 


Impoitavt Bkowse pASinJES 
Pea or legume family (LeguminoMc) 
Beet or saltbush family (Chcnopocia 
ccae) 

Rose family (Rosaccac) 

Sunflower or composite family (Cot** 
positac) 

Buckthorn family (Rhamnaceae) 
Willow family (Salicaccae) 
Honeysuckle family (Capnfobacca- 

GtKwcberry family (GrossuUnaceac) 

Oak or beech family (Fagaceae) 



F«1-. 46 . A, U>dberp clover (Tnfotatm rydbcr^ii)-, H, California bur-clover 
(UriiVa::© lispUa); C, SpanMi clover {Latuf atnerUana)-, D, mountain lupine 
a/pmnV); E, aspen pcavinc (t^tbynit !eucantbus)x a and h, stjlc hran- 
chn of iMhyrtis and T7r/j, rcspcctiv c!v ; F, mcviiiitc (iVorop/r iiilifoih var. 
etanJuIosj}. 
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Most peavines are palatable to stock, but their seasonal pahtabilitN 
vanes greatl> Some are taken throughout the season, others onh 
after the flowers appear, still others not until the first frosts come in the 
autumn They are sought most bv sheep, but cattle and game animals 
also feed upon them Their general forage rating is “good ” 

The vetches are probably best known for the green manure and ha> 
values of the cultnated forms On the range, Amencan vetch 
(V avtertcana) is a widely distributed and fairly tvpical species It is 
palatable to all livestock and to big game animals It endures shade 
well, but the stand is usually scattered, hence the volume of forage 
produced is not especially large The forage value of this plant, and 
for the genus as a whole, is ‘ good 

Browse of the Pea or Legume Family (Leguminosae) 

The brouse plants of the pea family are of much less importance than 
the forbs In the Southwest several genera contribute to the range 
food supply, but onlv 4 warrant consideration 

Mesquites (Pwsopis spp ) AND ScRcwBEAV {StTombocarpa odoratd) 
One or more of these closely related species occurs from eastern 
Texas and southern Kansas to southern and Louer California and south 
into Mexico The tender spring leafage and twigs are cropped 1)> all 
stock to a limited extent Thc> produce their most valuable feed m 
late summer when the abundant, large, sweet, pulpy clusters of seed 
pods have formed The pods arc highlv palatable and nutritious 
Mesquite (P jultfolta var glaudulosa) (Fig 46r) and screw bean are 
cssentiall> identical as food plants, the overall rating being “poor’ 
These plants arc aggressive invaders of range lands, parrl> because the 
seeds pass uninjured through animals In manv instances the stands 
have become so dense as markcdlv to lower the gracing capacit) 
Various methods of controlling these invasions arc under investigation 
(Chapter 13) 

Catci \v\ (Acaaa greggn) 

Some 16 species of the genus Acacia arc native to western United 
States and arc most abundant m desert and scmidcscrt areas of the 
Southwest and Mexico Although most acacias have some v iluc, cat- 
tliw IS the best food plint Ic occurs from western Texas to southern 
Nevada and south into Mexito Tlic pahtahilitj is not high, hut the 
current growtii is iitihrcd more in dn vears v\licn other feed is scarce 
lltc twigs green up carlv in the spring and arc cropped to a limited 
extent nr that season On well managed range catclaw is onlv hghth 
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summer Escn under close graang or penodic burning of the cora, 
Califome. bur-closer seems to thmc (10) Its forage rating is « 
cellent.” 

Dfj-p \ rrairs (Lotus svp ) 

These are mostU annual or perennial fortis, a feu being 
Thes occur oser a wide geographical range in the AFest a 
intermediate elcsanons, some occupsing meadoits and stra 
Others occumnff on the drier fooihills, frcshlv burned uoo a 
brushN areas ^e most disnnctn c gcnenc charactcn^i« arc tn p 
nate!% compound leases and the flowers like those of t c pea, 
range m color from white and pink to \ cUow 

The forage Aalucs of deer-\ctchcs range from high to low 
usualU crow in scattered stand, hence ihe\ make up but ^ ^ . 

of the forage Spanish cloter (L americanj). a 
annual, is characteristic of the more palatable species (Fig 
sought b\ ail stock throughout the growing season, has strong ^ 
habits, and produces a fair tolume of herbage Its forage ra » 
“good” 


LupfNKS (Lupinus spp ) 

"Hie w estem range countrv supports mans species of lupine 
are annual or perenmal plants and hate alternate, palmatelv com? 
leares and showw blue, purple, or sometimes pmk, white, or a a 
racemes of flowers. A few speacsarc A\ood\ ^ 

The forage Aaluc of man\ lupine speacs is doubtful Som^ 
fairls high as food plants, others are powmous, pamcularU a 
pods are formed, hence it is not logical to assign a specific pa ta 
rating to the genus 

Mountain lupine <L dlpestrts), a fairh npical perennial ® 
distribution in foothills and mountains of the M est, is rather 
palatable up to midsummer to canle and sheep but not to o ^ 
(Fig -ViD) Like mans lupines, it groAs-s best in a mixed grass-an 
coA er and m open ai oodland Its forage rating is “fair 


Pe-aaines (Latbyrus spp ) and \ etoies 
These occups Aiooded areas of wide elciarional range m the 
Aspen peaimc (L Imc^thui) is t)pic3l (Fig ViE) 
seiches are structuralh similar, haring alternate. “™PO”"f,^br 
rrhich commonlr temima e m tradnls. but ate readilr d,e 

the dorr er str les. In Uthyms h^ ocenr onlr on the s^c n 
stamens, in \icia, hairs coropletclr encircle the strle (Fg ■» 
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plant in the Rocky Mountains from Utah and Colorado northward. 
Sheep take the leafage closely, and it is fair-to-good feed for cattle and 
game animals. Its over-all forage rating— and that for the genus— is 
“good." 
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bw\sed, close bro\\sinq indicates that the better forage of the area is 
o\ erutdized Its o\ er all pasture rating is poor ’ 

Mimosss ( Mmtosa spp ) 

Three species of mimosa— catclaw mimosa (df hunctfera), fragrant 
mimosa (U and \cKct mimosa ( U d_yjocjrpj)-occur com 

monU on scmidesen areas from western Texas to southern Amona an 
south into Mexico Although iitih/ation is liampcrcd b\ the thom\ 
branches and tangled grow th, these plants rank as ‘ fair in w inter an 
spring and arc cropped moderatcU at all seasons during periods o pri^ 
longed drought Velvet mimosa is of less value than the other two 

Carrot or Parsley Family (Umbclhfcrae) 

These strongU scented forbs are common on the western range 
Their flow ers are borne inostlv m simple or compound umbels (Fig ) 
Parsnip carrot, and parslc) arc familiar cultivated plants of this fami ' 
Some of the native species, like vvatcrhcmlock and poisonhemloc 
arc poisonous, but man) others provide good range feed The be^ 
forage plants of this famiK are cow parsnips wild cclerv, angelica an 
sw eet cicei) 


Cow PvRSMP (Heracletan hnatwn) 

Cow parsnip is b\ far the most imponant range food plant of the 
genus Herjcletnri (Fig 47/4) It is a moisture loving perennial an 
grows best m open woodlands over much of the western countrv 
elevational range is from S“a level to about 10 000 feet. 

Although cow parsnip seldom forms m dense stands, its produces 
abundant forage due to its large sue and profuse leafage It is higni 
palatable to all stock, espccialtv m the cadv stages of growth when 
ev en the succulent stems mav be cropped to the ground The gene 
forage v alue is ‘ good ’ 


Wild Cflfiues or I^veroots (7 igmtictnn spp ) 


There arc 18 species of wild celeries m the United States, all 
nials The) are tv picall) mountain plants, and ihev form a 
growth in moist woodland, meadows, and fertile sites to above 12 OOU 


feet in elevation ,mals 

Most wild celenes arc palatable to livestock and game anuiw 
throughout tht grou mg season some being choice feed for s^eep, 
deer, and elk and fair for cattle and hoises (/6) Fcmieaf n dd ce 
(L fihemum) IS one of the better species (Fig 47B) It is a comm 
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maintenance except to discourage competition from taller vegetation. 
Filarees are among the first herbs to invade denuded or overgrazed areas 
and tend to increase where the grass cover is closely cropped. Con- 
spicuous increase in filarec is usually an indication of overgrazing. 

Red-stem filarce (E. ciciitarnmi), a European species, has the widest 
distribution and is the one that stockmen commonly refer to when 
speaking of these plants (24). The pinnate-compound leaves, the 
deeply cleft leaflets, and the reddish stems distinguish it from the 
other species (Fig. 47E). In favorite habitats it produces a large 
portion of the total forage from February to iMay, after which the 
leafage dries up. Its nutritive value is high when the plant is green, and 
it has a desirable balance in crude protein, calcium, and phosphorus 
even after maturity (^, ^); accordingly, strong healthy bone in growing 
animals is developed on red-stem filarec range (25). Range stock and 
big game animals feed upon it from the time the rosettes are formed in 
February until the last remnants of the discolored, dry, and broken 
stems and the matted bunches of failed seeds cease to be available. 
Because of their capacity for close grazing, sheep make the best use of 
this plant. A combination of filaree, grass, and wholesome browse, as 
in the desert in good seasons, is unexcelled during spring lambing. One 
disadvantage of any filaree range, however, is that some seeds get into 
the wool, thereby decreasing its sale price. This drawback can be 
minimized by shearing twice annually. The forage value of red-stem 
filaree is e.xcellent for sheep and good for other range livestock and 
for wildlife, the over-all rating being “good” to “excellent.” 

Geraniums (Gcra77m7«) 

There are some 16 species of geraniums, mostly perennials, occurring 
natively on the western range, in addition to a few introduced species. 
They grow mostly in the mountains up to 30,000 feet in elevation, on 
grasslands and wooded areas. 

Geraniums are cropped most closely by sheep and deer, cattle taking 
only the more tender, young foliage. Sticky geranium {GeraiiUim 
viscosissiimnn) is representative of the better forage species (Fig. 47F). 
It ranges from Colorado to California and northward into Canada 
between elevations of 5000 and 10,000 feet. The herbage is “fair” to 
“good” for sheep, and “poor” to “fair” for cattle, the ov'er-all rating 
being “fair.” 

Forbs of the Sunflower or Composite Family (Compositae) 

'This is the largest family of the flowering plants, numbering more 
than 13,000 herbs and shrubs. Many palatable range plants and some 
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\>(,FLic\s {Angelica spp ) 

The engehcas arc moderateU tall erect herbs sttth fleshs rooB 
Thes occups fairh nch moist soils in the mountains throughout me 

\\ est,M here thci grmi in scattered stands j,„„)„itcd 

Li all angelica (/Inge/.ca hall,,) is among the more ii 
species occurnng m the mountains from Liah and on 

nonhem California and north into British Columbia (Fig 4/ ) 
herbage is highh palatable to sheep and goats and is cropped moderatei 
b\ cattle and bic came Its general foracc rating is good 


SwTET Cicelies {Osynorrhtza spp ) 

Members of the genus Owtorrhiza ha\c thick 
roots Imear-oblong fruits, and mosti) basal leates (Fig 47 ) 
species are hi<»hl\ palatable to all stock and to big game animals 
One of the most v.ideU distributed species is sweet anise or 
cicel\ (O occidentals) It is a mountain plant, occumne tro 
Alberta to Colorado California and Bnush Columbia between deva 
tions of 2000 to 10 000 feet The herbage is widclv sought bs sheep 
and when green is moderateU relished b\ canle horses deer an 
elk but It IS useless as feed when the herbage has marured or has ecn 
killed h\ frost. Its general forage rating is good 


Geranium Famfly (Geraniaceae) 

The geranium famib accounts for a large \olume of forage e\en 

though it embraces onU 12 genera Most of the forage is contribute 

b\ two genera the filarees and the geraniums 


Alfileri\s or Fiu\rees {Erodit/Jii spp ) 

The alfilcnas more commonli called filarees b\ some stockmen and 
storksbill b% others, are annual forbs The leai es are opposite an 
commonU grow m a rosette or leaf tuft, and the fruit consists of five 
1 seeded carpels beanng spiralU coiled, tailbke sules (5) The gen^ 
consists of some 60 species, most of which arc indigenous to t c 

Mediterranean region nrhiUs 

The filarees are most important as forage m the \alle\s and loou 
of California and the Southwest. Thet occur from sea let el to ’ihoo 
4,00 feet in cletation and occupt relamel, drj to ttelMrained so 
The conditions most congenial to their growth are (1) mdd tnn 
teropetatutc (2) winter precipitanon O) soils that ate 

alhaline and( 4 )limitedcompennonwithothertegetation (2^ u 

established m a region, thet require no special treatment to insure tn 






204 


rORBb \M) shrciss as FORAGL 


poisonous ones belong to this famiK lettuce artichoke, and dandelion 
are s\ ell know n plants of this group 

The most characteristic feature of the composite famiK is the 
crow dinu together of the flow ers in heads borne on an enlarged summit 
of the receptacle and surrounded b\ bracts 
On the whole the species do not rank high m palatabihts, but 
because of their abundance thc\ contribute a brge solumc of range 
feed 


^ ARROW (AchiHea spp ) 

These aromatic perennials with finds dissected leases arc wjdcU 
distributed o\cr the western range from sea level to timberlme where 
thev grow in scattered stand in a \anct\ of habitats 
The forage value of these plants lancs greatli ^^'estcm varrovv 
(A hmilosa) a representative species (Fig -48/1) is cropped modcratciv 
throughout the season b> livestock and game animals on some ranges 
whereas m other localities it is grazed but little In the Wasatch 
Mountains of Leah western varrow was noted to increase markedh 
on some overgrazed range (5) Its forage value rates as ‘fair 

Smooth Mocntain Dvndflios {Agoseris Rhuca) 

Smooth mountain dandelion, including its several varieties is a 
perennial chat inhabits open sites from the ponderosa pmc forest weh 
into subalpme areas (Fig 48B) Although never forming the dominant 
vegetation u is an important constituent of the forage because of the 
rather large volume of leafage produced per plant and its hieh 
palatabihtv espcciallv for sheep Even under conservative grazmff 
sheep will keep the herbage cropped back near the ground surface 
Cattle horses and w ildhfe also crop the leafage and flow er stalks w ith 
considerable relish The o\ er all rating is good 

Balsamroot (Balsamorhtza spp ) 

The name balsamroot refers to the thickened perennial resinous 
taproot common to the vv estem species The> occur most commonh 
on drv open flats, woodlands and open forests 
Arrow leaf balsamroot (B sagtttata) is fairlv cvpical of the forage 
\alue of the group (Fig 48C) It is a widch distributed species and 
an important constituent of the forage on spring range where ic is 
fairU palatable to all s ock The flower heads are choice feed and the 
green leafage is cropped with considerable gusto b) In estock, deer and 
elk The over all forage value IS good 
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Shrubs of the Sunflower or Composite Family (Compositae) 
The composite family contams no outstanding browse species In- 
deed, only one genus— the sagebrushes— warrant full discussion 

Big Sagebrush (Arteinma tridentata) 

The sagebrushes are relatively important browse plants Big sage- 
brush, also called black sage, is among the most widespread and 
abundant of shrubs m the West It is an erect, nondeciduous and 
many-branched plant 3-6 feet high, the grayish leaves being mostly 
3-toothed at the tip and distinctly aromatic (Fig 49A) It is confined 
to semnnd regions from western Nebraska to Montana, British Co- 
lumbia, eastern California, Lower California, and northern New Mexico, 
and It is especially characteristic in the Great Basin region The 
elevation range is between 1500 and 9000 feet 
The p-ilatabilit)' of big sagebrush is moderate to negligible On 
summer and early fall range it is not browsed and is even a pest, but 
on winter desert range it is often the mainstav ration for sheep in late 
fall, winter, and earlv spnng The current twigs, persistent leaves, 
and fruiting heads are cropped more or less in proportion to the 
presence of oclier feed During prolonged winter storms big sage- 
brush sometimes provides the only feed available Cattle also browse 
upon the current growth to a considerable extent m winter, and horses 
feed upon it limitedly It is also utilized In game animils The plant 
IS cropped less in its northern range than in the Southwest {16) 
Clvemical studies indicate tint its nutritiv c v'aluc is w ell balanced and 
sntisfactorv', indeed, it seems to hive tonic properties for livestock (2). 
Tlic general browse value of big sigcbrusli is “fur'* to “good” 

In mmv localities overgrazing his caused invasions of big sigcbrusli 
into former grasslands, thus shirplv decreasing their gra/mg cipacitv . 
A program of plow ing, burning, and sprav ing w ith toxic herbicides of 
such infested areas, followed bv reseeding to suitable grasses, is now 
iicing attempted w itli apparent success on the better sites 

riuNGin SvGFimusii {Artcjiiisia frif^ida) 

Tins manv -branched half-shrub grows 12-24 intlics high and has 
silvers -hairv leaves (Tig 49B). In tlic Sourhwesr it is known as 
cstafiata and farther nonh as pastvirc sagebrush Its distribution is 
prohahlv ilic widest of all iht sagcbnislics, since it occurs thrnugli a 
large pin of western United States tml into Mexico, vvlicrc it inhabits 
deserts, vallevs. mesas, and mountains 

Panlv because of its diverse Inbirits. the l»rovvsc value vanes vvidtlv. 
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GROLSDstii iSemcio spp ) 

The groundsels, also called huttcrssecds and rages orts, constirote the 
largest genus of the flouenng plants, ».th some 2600 spec.es, of ntach 
possibU 200 occur .n North America Thee occijs “ B”® 
of habitats from sea le\el to timberbnc, and the different species 
greatK in forage ;alue Some are of low palatabi it\, ^ , 

poisonous, still others are cropped w ith relish, especiaUv > s p 

wildlife , , ..cpfiil 

Arrow leaf buttenxeed (5 trungiihns) is one of the ^ 

species (Fig 48D) It grows m moist sites from Colorado to Califo 
and northward to Alaska up to about 9000 feet in delation 
the season sheep detour both leases and stems, but later onh ^ 
leafage is eaten The plant is rated as “good ’ for sheep and air 
“poor’ for canle, the oicr-all rating being “fair” 


Mcle’s-Ears {Wyethu oJfiplexicatihf) 

Mules-cars, a perennial 1-2 feet tall, with heavs taproot and with 
leases shaped like the ears of a mule, is the most widespread ana 
valuable of the genus Wyethu (Fig 48C) It occurs in the sagebi^n 
grass assoaation and in open forest up to 9000 feet m ele\ ation Sheep, 
deer, and elk eat the \ oung leas es and often crop the tender ce^ 
of the clump closeU, but canle seldom devour all the leafage T ® 
flow er heads are highK relished bv all grazing animals The o\ er a 
forage rating is “good ’’ 


Niccfrhead {Riidbeckia occideirtahs) 

This coarse, tall herb, also called western coneflower, is 
recognized b\ the ravless, dark, cone-shaped flower heads (Fig 48 ; 
It occupies moist sites and is most abundant at intermediate elevanons 
in the Wasatch Mountains of Ltab The flowers and voung leafage are 
taken best bv sheep, the over all forage value being “fair” 


OtHFR CoMPOSlTF Forps 

Among other useful range forbs of the composite famil' arc 
dandelions {Taraxacinn spp), the hawkweeds (Hieracitmi spp) 
hauUbeards (Crepii spp), and lirtic sunfloncr (Helwthelh spP> 
The more important species of these genera occur in scatte^ sra 
mcr much of the MCStem foothill and mountain range Thet a 
essenmlU “fillets,” adding t^en to the diet but conttibrnm^^ ^ 
hale to the forage crop The domesticated sunfloucr (HeUan 


armuus) is sometimes grow 


n for silage 
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but It IS regarded as one of the better sagebrush food plants {4) In 
most localities it is rated as good sheep and goat feed, fair to good for 
cattle, and fair for deer and elk It is most useful on the desert ranges 
of the Southwest In the Northwest, fringed sagebrush has invaded 
extensive grasslands and is regarded as a good indicator of overgrazing, 
since it is practically y orthless as forage in that region Its o\ er all 
forage rating is “fair ’* 

Rabbitbrushes {Chrysothavmits spp ) 

Rabbitbrushes aie widelj distributed m western North America and 
sometimes compose much of the stand Few are palatable to stock 
Those cropped most, but ncter closely, bj cattle and sheep are lance 
leaf yellow brush (C lanceolattis) and tw istleaf rabbitbrush (C viscidt- 
flonis tortifolws), growing at intermediate to high ele\ation Small 
rabbitbrush (C steitophyllm)^ a desert species, furnishes a fair amount 
of feed for sheep in the w inter (4) Rubber rabbicbrush (C naiiseosus) 
and, m some localities, lanceleaf \ellow brush are useful indicators of 
range depletion {19) 

Borage Family (Boraginaceae) 

All species of the borage famiK arc herbs Onl\ one genus— 
A/err<?7W/i7— contains plants of much importance on the range Se\ eral 
of these perennials are Iughl> palatable to stock and game, but some 
ba\e little or no forage \akie 

AIountain BiULirrtw {Alerte?ism ciUata) 

Mountain bluebells represents the leafier, larger, and better forage 
species of the group (Fig 49C) Its distribution is from eastern Oregon 
and western Montana to Nevada and Colorado, between elevations of 
5000 and 12,000 feet Sheltered places of fertile, moist soil arc the 
fa\ ored habitats 

The pilatabihcv of mountain bliicbcUs is higli for deer and slieep, 
sheep often grazing tlic plants down to the crowns, and the plant is 
modcratciv cnippcd bs cattle and horses Its oi cr-all forage rating is 
“good ’ 

Evening Primrose Family (Onagraccac) 

The plants of this famiK arc annual or perennial Iicrbs Of these, 
fireweed is much the best range food plant 

IiRiwiU) {IZptlobtinu mi^istifoUwn) 

llus IS an aggrcssiv c perennial w iih alternate entire Ica\ cs and show v 
hbc purple flowers home in fcmiintl racemes (Pig 49/9) Itsdistrihu- 
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F.r 49 A Bic sagebrush {Artcmuta tridemata), B, fringed sagebrush 
t J \ r mountain bluebell (Menentu cituTa), D, fireueed {Epilobn 

° lanata ) . 
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Washington (Fig. 49F). Best stands are found in dry, moderately al- 
kaline or saline soils of the lower foothills, plains, and valleys. 

Winterfat is one of the more outstanding browse plants on the west- 
ern range. The tender, leafy stems are cropped with excellent results 
by all domestic stock and by deer and elk. In many localities winterfat 
has been thinned out as a result of too close browsing; however, it 
revegetates quickly under favorable management. Its general forage 
rank is “excellent.” 


Rose Family (Rosaceae) 

The rose family includes a large number of herbs, shrubs, and trees. 
Because of the many highly palatable and abundant browse plants of 
this family it probably ranks first in the category of useful woody 
species. Familiar foothill and mountain genera are the mountain- 
mahoganies, roses, and bitterbrush. 

Mountai.v-Mahoganies {Cercocm pus spp.) 

The 19 species of this genus are half-evergreen shrubs or small trees. 
They inhabit moderately dr>% mountainous regions where they provide 
a large amount of high-quality browse for livestock and game. The 
broad-leaved species are generally more palatable than the narrow 
and chick-leaved forms. True mountain-mahogany (C. montanus) is 
representative of the better broad-leaved group (Fig. 50/4). 

This species occurs from northern OiUfomia and Oregon to Mon- 
tana, South Dakota, and New Mexico, on dry ridges and open wood- 
lands between elevations of about 4000 and 10,000 feet. It is a highly 
important browse plant, the leaves and twigs being taken eagerly by 
sheep, goats, deer, and elk. Cattle also relish this feed. Game animals 
browse upon this plant yearlong. Because of its high palatabilicy, ov'er- 
grazing must be avoided lest the stand be thinned out. The over-all 
brou'se value is "excellent.” 


Roses spp.) 

Roses, both native and cultivated, arc probably the most familiar 
group of tlie rose family. Wild roses occur commonly on the 
N\cstcm range, usually at low to intermediate clev.ations in scarrered 
stands on diversified sites. 

Rose plants arc brou'sed rather closely by slicep and goats but onlv 
lightly by cattle. Deer and elk also crop them, sometimes closely to 
sc\crch% notably in the w’inrer. Among these, I'endlcr rose {Rosa 
fcMtf/en), althougli it has rather thorny brandies, is typical of the 
mon: widely sought species (Fig. 50ff), It occurs from Montana and 
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non IS across the Nonh American continent from the Canadian border 
south into California, Isen Mexico, and Nonh Carolina The elexa- 
tional range is from sea lexel to as high as 11,000 feet in the Rocks 
Mountains In some sites it makes up much of the stand 
In some localities fireueed contnbutes abundantU to the forage crop 
In Oregon, Ne\ada, and Utah, especiaU>, sheep feed closeK upon tins 
plant, and it is moderateU palatable to cattle, horses, deer, an 
elk {16, 18) Burning often results m conspicuous temporar\ increase 
m fireueed, hence its name Its o\er-all forage rating is “good 


Saltbush Family (Chenopodiaceae) 

This IS a familj of herbs and shrubs that are most abundant on 
alkaline or saline soils The plants usualK hat e a salt> taste u ic 
partlv accounts for their high palacabilit> Two genera of half-s ru s 
—Atnplex and Eurotta—ttrihncc b> far the most imporant food p ants 
of this familt and are essentiall) confined to the w inter (desert) range 


StLTBUSHES AND SllADSCALES {AtriplcX SPP ) 

Some members of this genus are surpassed b\ no other browse P^*^“ 
m tolume of feed produced and usefulness as winter pasturage (/, 2) 
Fourwmg saltbush (A cauesceits) is selected to represent this group 


ncrc . 

Fourwing saltbush is a gra>ish*white, scurf) shrub 1-8 feet hig » 
with numerous, leaf), lax branches (Fig 49E) It ranges from 
mmg and South Dakota to western Texas, California, Nevada, an 
Utah, where it occupies drv, moderate!) alkaline or saline areas at low 
to intermediate elevations It is one of the most abundant and useiu 


browse plants on the deserts of southwestern and intermountam regions 
In w inter all hv estock and deer eat w ith gusto the entire plant, including 
the seed Because of its high pala ibilitv and the fact that the stems 
are brittle and easilv broken b) eager animals, the stand is subject to 
mjurv from overgrazing Chemical studies of founvmg saltbush have 
shown Its high nutntive value {9) Its over all feed value is ‘ excellent 
Other name species that arc widcl) distnbuted and of fairl) hign 
rank as feed arc shadscale {A confertifolia), Nuttall saltbush {A 
talht), and Australian saltbush {A seimbaccata) v\hich is an Australian 
introduction and grows natorall) along the southern coast of California 
and a few other places, w here it has some feed v alue 


MhNTFRFAT {Eurotia lanata) 


This multibranched, low shrub is widelv 
Texas to w estem Nebraska and Manitoba v 


distributed from western 
estward to California an 
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South Dakota to Arizona and western Texas into Mexico The general 
forage value of Fendler rose, and of roses generally, is “fair ’ 

Cuff Rose {Couama stansbnrtmia) 

This IS a leafy, stiff stemmed shrub or small tree (Fig 50C) It 
occurs from Nea\ Mexico and southern Colorado to Utah and California 
in w oodland and ponderosa pine forest between elevations of 4000 to 
8000 feet Where cliff rose is abundant, which it is onl) occasionally, 
It provides i hrge volume of good qualit> brouse for cattle, sheep, 
and deer from hte siimmei through the winter The branches are so 
brittle, ho\\e\er, that close utilization mav severeU damage the plants 
Consenative brousing on the other hand, induces growth of man> 
leaf) lateral branches and results in a larger volume of feed than 
on underutilized range The over-aK forage value of cliff rose is 
“fair ” 


BirrcRimusH (Purshia tndentata) 

This shrub grows from \ Vi-6 feet high and has many short, strong, 
and leafv branches (Fig 50D) It is widelv distributed, ranging from 
Montana to New Mexico California, and British Columbia, where it 
occupies and plains and mountain slopes w ithm the aspen, ponderosa, 
and pihon belts up to 9000 feet in elevation 
In most localities bitterbnish is grazed w ith relish the v ear through, 
but It IS cropped most closclv m spring, late fall, and winter The 
herbage is of high qualicv for cattle, sheep deer, and elK Wildlife 
rch on this plant in a large measure for winter feed Dixon (/) 
reported bitterbrush to be of pnnnrv importance to mule deer 
Honnav (ii) and Forslmg and Storm (7) concluded chat coo close 
cropping IS mimical to hitccrbrush stands, and thev proposed that 
enough of the current growth be left ungnzed to maintain these 
plants m strong phv siologital vigor (Chapter 17) The food value 
rating of bicccrlmish is ‘ evccllenc 

Si r\ u i lu RRif s {Amchneher si>p ) 

The serv icchcrnes arc shnibs or small trees w ith simple, deciduous 
leaves shows white flowers and bcrr\ like fniir Thev rank among the 
more highh csrccmcd genera for goats, as good to fair feed for sliccp 
and of moderate value for cattle 

Common serv icclicrrv (// ahiifolta) is the most widcIv distnluitcd 
on the western range of the 24 species of this group (Fig SOC) Com 
mon scniccbcrn occurs over a large part of southern Canada to 
Minnesota, the Dakotas New Mexico, and California northward to 
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Fic 50 A True mountain mahogany {Cereoearpus moniamis} B Fendler 
(Roll iendlen), C cliff rose (CouaniJ ttanslniruTia) D bitterbrush ^ 

trtdcniata) E, common serTiccberry {.AmeUnebier almfoUa) F right branch o 

chamise {Adevostonu UsciculaUtm) left a crown showing profuse sprouting 

chainise after burning 
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Buckthorn Family (Rhamnaceae) 

Members of this famil> are shrubs or small trees Only one genus, 
the ceanothi or soapblooms iCea720tbtis)^ contributes abundantly to the 
bro\^se crop Altliough the buckthorns {Rbajmms spp ) of this family 
are cropped to some extent, they are not important enough to ;ust]fy 
discussion of them here 

Ceanothi or Soapblooms {CeanotJnis spp ) 

Several species of ceanothi are browsed in \ar>ing degrees, but deer- 
brush (C integerrmms) is b^ far the most important Deerbrush, also 
called mountain lilac and sweetbrush, is a loose, slender, branched 
shrub (5-12 feet nil, with large, delicate, entire, deciduous lea\es and 
panicles of pale blue or white flowers (Fig 5\A) It occurs commonly 
on moderately dry, fertile soils in the coniferous belt on the w esc slopes 
of the Cascades of Oregon and the Sierra of California Ever\ where 
It IS cropped avidly by hvcscock and game animals in spring and 
summer but only Iightlv in the autumn when nutritive \ allies decline 
sharply Since deerbrush stands are often dense, their grazing capacity 
IS high Its over-all forage rating is "excellent ” 

Other Ceanothi 

Seieral other species of ceanothi having some browse value are 
Medgeleaf ceanochus (C cimeatus) and whitebark soopbloom (C leti- 
codenms), both common constituents of the chaparral association of 
California, and snow brush (C vcluumts) and red soapbloom (C san- 
g?//;/cnr), which occur most abundantU in British Columbia, northern 
California, Idaho, and Montana These species arc moderately palatalile 
to livestock and arc important game animal food 

Willow Family (Sahcaccac) 

Members of the willow famih arc included m two genera willows 
and poplars 

IViLtows {Saltx spp ) 

The willows constitute a genus of some 250 species of trees and 
slmihs a croup familiar to most persons 7 hcv comiuonh occupv 
stream banks and fiats or slopes bordering on wet sites over much of 
the North American continent, ranging from sea level to nmlicrlinc 

Willows produce an enormous volume of browse on the western 
nunmtam range Fhcir pilatabihtv vanes according to species and 
associarcd plants but thev arc cropped most m the autumn {4) Sliccp 
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Oregon and Washington The eleiational range is from sea level to 
9000 feet where it occupies \\ ell-dramcd but moderateU moist ^ 
In mam localities the palatabilit\ is high when the leafage is lus 
and is moderate when the leafage has matured All livestock, as 
well as deer and elk, feed upon this plant Its over-all browse value 
is good 

Chokecherries (Vnmus spp ) 

These are shrubs or small trees with simple, serrate leaves and clusters 
of white flowers Two species black chokecherrv (P melanocarpa) 
and w estem chokecherr) (P rfCT///fM),arewidelv distributed and rather 
common on the western range The> occur from near sea level at their 
northern limits to about 9000 feet m the Rockv Mountains, common ' 
occupying sunnv, moist, or rather drv sites in association with willovy, 
aspen and ponderosa pme Although poisonous under some condi 
tions the chokecherries arc moderatel) palatable to sheep and goats but 
are little cropped bv cattle Deer and elk often browse them closel), 
apparently with impunit> On overgrazed range, poisoning of sheep 
b> these plants is sometimes severe, since a lethal dose of the toxic 
substance, prussic acid acts quickly (Chapter 21) The over-all range 
value of these plants is “poor ’ 

Chamise (Adenostotna jasacvlattnn) 

This evergreen, rather spreading shrub, also called greasewood, has 
heathhke, somewhat resinous foliage and a spreading growth habit, 
developing from 2-10 feet high (Fig 50F) It occurs most commonl) 
m the coastal range of California south to Lower California, from 
near sea level to about 5000 feet It is the most characteristic shrub of 
the California chaparral After a fire numerous vigorous sprouts and 
seedlings are produced which perpetuate the stand (22) 

The browse value of chamise ranges from ncarlj worthless to fair, 
or even good under some circumstances Old stands are often so 
dense as to exclude stock and little of the current grov\th of adult 
bushes IS within reach of stock On the other hand, the voung 
succulent crown sprouts of the first \ears growth after a fire are 
grazed with relish bv livestock and game cspcciall> sheep and deer 
The third >ear after a fire the sprouts become too fibrous to be 
edible Chemical studv has shown that the first \ears sprouts up 
to earlv summer are moderatelv high in crude protein and in calcium 
and phosphorus {11, 22) As a whole, chamise is of low browse 
\alue despite its local abundance, its general rating being fair w 
“poor ” 
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and goats are especially fond of them, but cattle utilize them most 
completeh because of the greater reach of these animals and the fact 
that the\ readily venture onto moist or wet places where willows 
grow The general food value of this group is “good ” 

Aspen {Popitlus trejmtloides) 

Aspen, also called quaking aspen, is the onlj species of the genus 
Popuhis of uide browse \alue It occurs from Labrador and Hudson 
Ba> to Alaska through southern Canada and the Umted States (except 
the South Atlantic and Gulf states) and in northern Mexico Its eleva- 
tional range is from sea level in the far north to 11,000 feet in the 
Rocky Mountains Since aspen inhabits moist and rather fertile soils, 
a luxuriant undergrovth of \arious shrubs and herbs is characteristic 
Cattle are moderatel> fond of the leaves and twigs of aspen Sheep, 
goits, deer, and elk especiallj relish them and, on heavily grazed areas, 
mav crop so closel) that the> prevent establishment of aspen repro- 
duction Ev en the fallen leaves of the autumn are eaten to some extent 
In some localities it is common practice to clear cut aspen stands 
Where this is done, aspen produces large numbers of root sprouts, and 
since the sprouts are highly palatable, such logged off areas must be 
protected from excessive sheep and goat brow sing for the first 3 years 
after logging {20) The over-ail browse rating of aspen is “good’ 

Honeysuckle Family (Capnfoliaceae) 

Members of the honev suckle famil) are erect or twining shrubs or 
small trees The groups of greatest browse value are the elderberries 
and snowbernes 


Elderberries {Saifibiicus spp ) 

Elderberries are shrubs or trees with numerous pith) branches and 
clusters of berrv like fruits Thc> arc tv pical of moist sites over a w ide 
elcvational range Blue eldcrbcrrv (S caentlea) is a representative 
species (Fig 51B) 

Blue cldcrberrv grows 6-12 feet high and inhabits the foothills and 
montane zones from southern British Columbia and Alberta to Cali- 
fornia and Arizona, from sea level to a500 feet m elevation UsualJv 
the leafage is mcrch nibbled or left untouched in the spnng but it is 
taken moderatcl) well bv sheep and g^ats and lightiv bv cattle m the 
summer In the fall, after the foliage has been killed bv frost, all 
stock feed cagcrlv upon it, sheep prefemng this darkened but sail 
succulent growth to that of am other feed at that season Deer and 
elk arc also fond of the foliage and tender twiijs m the autumn 
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Gambel oak is a shrub or small tree ranging from Arizona, Utah, and 
Wyoming southward to western Texas and into Mexico, where it 
occupies intermediate elevations (Fig. 5lD). It sometimes forms pure 
stands but is more commonly associated with various shrubs in 
woodlands and ponderosa pine forests. Its abundant leafage is moder- 
ately palatable to cattle, sheep, and goats and to deer and elk, notably 
in spring and early summer where there are few other highly preferred 
plants. Forsling and Storm (7) concluded that close use of Gambel 
oak indicates overgrazing of the more palatable shrubs and grasses. 
Marsh, Clawson, and Marsh (/#) noted tliat cattle become constipated 
and may develop fatal sickness when forced to subsist upon an almost 
exclusive diet of Gambel oak. There is almost no danger of oak 
poisoning, however, where the range is properly managed. 

Other Oaks 

Among other oaks that are browsed in varying degrees are Arizona 
white oak (Q. arizonica)y California black oak (Q. kelloggii), Cali- 
fornia scrub oak {Q. garryaiia)., Brewer oak (0* breu'eri), shrub live 
oak (Q. turbmella)y and interior live oak (Q. H'hltzenn). 

In view of the large volume of browse produced by the oaks, their 
over-all rating is on the lower scale of “good.” 

Gooseberry and Currant Family (Grossulariaceae) 

This is a small family of shrubs of 2 genera: gooseberries and currants. 
They arc multibranclied plants, often with spiny stems which are 
clothed with numerous small leaves, and they have edible berries. This 
family is sometimes included in the saxifrage family. 

Gooseoi urifs {GrossuJaria spi».) 

Not less than 23 species of gooschcrrics (sometimes merged in the 
genus Ribes) arc native to the western states. The less spiny-stcnimed 
species arc broused more closely than the prominently thorny forms. 
Wliitestem gooseberry (G. mcn//e), an almost spineless plant, which 
grows 1-6 feet tali, is one of the better species. It occurs throughout 
the Rocky Mountains and the Northwest between elevations of 2000 
to 9500 feet (Fig. 5\E). Although cropped little wlicrc other superior 
browse prevails, sliccp, goats, and game animals feed upon the leafage 
to a considerable extent, and cattle take it moderately. Considering 
the abundance, wide distribution, and acccssil)ility of whitestem goose- 
berry, and of ilw group as a whole, the ovcr-al! food value rating is 
“fair.” 
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Despire the seasonal preference for this and most other species of 
elderberries the\ are not particularh important, because the stands 
are seldom extensne or dense and a large proportion of the branches 
grou bevond the reach of the animals AccordingU , their general 
range value is rated as fair 

Snovvherries {SymphortcaTpos spp ) 

This widelj distributed genus has onlj 12 species The> are low, 
man> -branched shrubs and are best recognized b\ the white berries 
containing the seeds Thcv occur conimon!> at intermediate elevations 
m the Rockj Mountains and on the Pacific Coast, usuall> in woodland 
or open forest Mountain snow hern (S oreophilus) is among the 
most conspicuous shrubs m the aspen-fir bc’t of the Intermountain 
region and is fairly representative of the other species (Fig 5lC) 
The palatabiht) of mountain snowberr> vanes from poor to good 
for sheep and goats, and fair for cattle, deer, and elk It is not cropped 
bv horses This and other snowbernes withstand grazing well, and 
m man> localities contribute moderately to the range food supply 
Their general forage rating is ‘ fair” 

Oak or Beech Family (Fagaceae) 

Members of the oak famiH are well known as trees and shrubs, with 
deciduous or nondeciduous leaves and fruit a characteristic acorn The 
oaks {Qiierctis spp ) constitute by far the most important group of the 
oak family on the range Stock seems to prefer those with deciduous 
leaves over the live oaks that have nondeciduous leaves Mackie 
reported that the nutritive value of oak leaves is relamel> well bal- 
anced, except that they arc quite high m crude fiber, resms and 
waxes, and tannin Gordon and Sampson (8) noted that the ratio of 
calcium to phosphorus in voung leaves of blue oak (Q doiiglasn) was 
nutritionally satisfactor> , being 2 2 1, but chat it was disproportionate 
at leaf matuntv, the ratio then being about 15 1 The> also reported 
that the acorns of this species are distinctly low in crude protein and 
high in crude fiber and m fats and oils These facts account for the 
good fattening qualities, but poor growth and bone building balance, 
of the acorn mast w hich is utilized so extcnsiv clj by hogs, deer, and 
some other animals in the autumn 

Gambel Ovk {Querctis gmibeln) 

Although the oaks var> wideK m the extent to which the> are 
cropped by stock and game animals, Gambel oak is seleaed here to 
indicate, in a broad wa>, the browse value of deciduous species 
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drons {Rhododendron spp ), hrkspurs {Delpbnmwi spp ), and the like, 
were not mentioned, since they are discussed under the heading of 
poisonous plants (Chapter 21) 

Such native emergency food as soaptree j ucca {Yticca data) and 
cacti {Opimtia spp ) were not discussed, since the> too are considered 
elsewhere (Chapter 14) 

Despite the reasons stated for not including many plants of some 
range food value the author regrets the discussion could not be more 
complete Even so, stockmen and range scholars should profit bv 
learning first what the principal forb and brow se plants of the range 
are, as pointed out here, and then broaden their knowledge of this 
subject as conditions and interest warrant 

The leading native palatable forbs and shrubs of the natural pasture 
areas of the southeastern states are mentioned in Chapter 15 in connec 
non with management practices in that region 
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\MirrrRs kiurs \nd shuIjUs as ioragi 


Clkr^vts (Rihcj Ml ) 

There ere scime 56 netire enrrmts in the rrestem sater Ther are 
nrostU unanrred (rpmelei.r) shrubs an.1 are common plants ot the 
footlulU and moiinta.ns As a group the currants arc perhaps son 
what less palatable than the gonsebernts Thc\ arc croppe 
closcU In goats but sheep and hig game animals feed upon >1''™ ' 
considerable degree Since currants arc the alternate host o 
organrsm causing the uhitc pine l.hster rust, tires arc being 
m stands of tnie pine Cattle brosssc limitcdls upon them m 
autumn Tlicir o\cr all range food \aUic is "fair 


Jomtfir Family (Gnctaceac) 

These are uood\ plants of the gvnmovptrnums group and arc repre 
sented on the western range l»\ the jomtflr genus (Lphedra), " nc 
embraces some 5 spcclc^ Being drought enduring plants, thes a 
most common m the scmiand regions notahU in the Souti'ic 
Nevada jomtfir (f nciadctfsis) is tvpical of the group (Pig 51/ ) 
Nevada jomtfir is a low, almost leafless shnib with numerous > 
green scmisucculent stems and greenish vellow flowers The range i 

from Utah to California and southward into Mexico 

Nevada jomtfir, liVe mans of the other jointflr species, is o tc 
browsed rather hcaviU in late fall and winter bv tattle, sheep an 
goats and is also utilircd hv deer Sometimes as much has 40 pcrccn 
of the seasons growth is taken (2) It is an important cniergcncv 
sinter feed m vears of poor fo“agc growth the animals apparent v 
doing well on it Little of the growth is taken during summer 
months The jomtfirs gencrallv arc rated as * good 


Other Western Range Fort anil Browse Plants 
The preceding discussion lias shown that the forb and browse plane 
of the western range are excccdmglv numerous and grcatlv vane 
m their distnbution, gro v'th requirements and food value 

Not included m the discussion were manv so-called sccondarv plant 
croups Collectiv eh these groups contnbute a considerable amount o 
feed, and a few are of much local importance {4, 21) For instance 
the plantains {Flantago spp ) were not mentioned vet desert Indian 
wheat (P ^asttgiata) is fairl> pabtable and is sometimes so 
on ranges m the Southwest as to prtnide much spnng forage U 
, use, ^a^ous ‘desert plants hVe Bronns peom {Paemm ) 

a highK palatable but seldom abundant species, uerc not „ 

Plants that arc poisonous if eaten excessneb, such a. the thodo 
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ARTIFICIAL RESEEDING, AND THE 
ESTABLISHMENT OF 
IRRIGATED PASTURES 


When the \\ hite man first placed his animals on the western range, 
superior forage was abundant After decades of excessive grazing, 
weedv or denuded areas appeared, resulting in floods, soil erosion, dust 
storms, and bankruptcy of the operator In the absence of histone 
record, fev realized how long, difficult, and expensive would be the 
task of reseeding the depleted areas by either natural or artificial means 
Revegetation by natural means is usually impractical where the forage 
cover has been largely destroyed Under such circumstances artificial 
reseeding, although expensive and subject to failure, is the only re- 
course 

Artificial Reseeding of Western Range Province 
Artificial range reseeding is the reestablishment on depleted lands of a 
well-adapted forage cover by planting or sowing of seed or by trans- 
planting seedlings or vegetal segments The seed of domesticated plants 
IS most commonly used but seed or segments of native plants are 
occasionally employed The primary objecti\es are to increase the 
grazing capacity and control soil erosion (S) 

About 1890 the Federal government, and later various western state 
experiment stations (tf, 2S, 57), initiated reseeding trials Much of the 
earlv work was done, though with little success, by Griffiths (IS>) and 
Thornber (52) on semidesert ranges m the Southwest In 1908 Cotton 
(ii) recommended reseeding with orchard grass, ^ smooth brome, red- 
cop, and timothy in the mountains of the Northw est Cotton’s studies 
induced the U S Forest Service to set up more than 500 reseeding 
trials on national forests in U western states, with minimum cultural 
treatment Sampson reported that 16 percent of these tests were 

' Scicnti6c names of plant species mentioned for use in reseeding are listed at 
the end of the chapter 
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Fig 52 Distribution of life 7 one^ m cstern Un ted States and adjacent ter 
ntor> The Boreal refeion shown here includes the Arctic Alpine Hudsonian 
and Canadian life zones s ncc these belts hate not been delimited in some areas 
Lil cvMse the zones comprising the Tropical region are not dcs gnated here The 
Gulf Strip of the Lower Sonoran life zone is the onl> frost free belt with the 
exception of the limited true Tropical region Artificial reseeding is most 
successful when the species selected are properK coord nated with the life zone m 
which tlic> are planted 
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successful, 25 percent part.alK successful. 37 percent f-ulurcs and the 

remainder undeterminable when the experiment was discontinued 

CONSIDFUAIIOVS PaFLIMINARY TO ReSFUIINO 

In the more recent studies special consideration has been given to site 
qualit) , seedbed preparation, seed cox crage and related factors 
Suitability of Site The better sites should be seeded first 
sites have a fairl> deep soil of Jesinblc cevture, structure, and coloi^ 
satisfactor> slope gradient and exposure, and good stature of the rem 
ing vegetation If the soil is mice as deep on one part of >hc arc 
as on another, its productive capacitv for deep rooted grasses n”S ' 
doubled Where 10 to 15 percent of the nativ e choice forage stand St 
remains, the area mav be rev egetated most cheaplv b> natural resee mg 
(Chapter 12) 

The pnmar> handicap in reseeding, except perhaps in the high mo - 
tains, IS insufficient moisnire Success on exposed, wind swept sou 
and west slopes is less certain than on those protected b> a ndge ^ , 
fringe of tall vegetation In all localities, elevation— which is indicate 
b> the life zone of the area— must be compatible to the species sclccte 
Life Zones and Their Recognition Man> introduced range plants 
faded because thc> were reseeded in areas incompatible with the new 
life zone Plants have genetically fixed tolerance ranges to the factors 
of the environment A species can become established onl> un e 
conditions similar to those under which it evolved 

Merriam (52) was among the first American workers to map plan^ 
and animal distribution on a zonal (climatic and biotic) basis (Fig 5 / 
Certain common native zonal plants and animals are presented m 
Table 2 Although iMernams concepts of life zones have been cha 
lenged, his classification is useful to field ecologists 

Recognition of the life zones is broadlj useful in artificial range 
reseeding, because they indicate such vital factors as length of 
growing season, precipitation relations, and the character of competing 
vegetation , 

Selection of Species and Seeding Rates It is safest to select tno 
species that hav e locall> yielded the largest continuous v olume of goo 
forage Stronglv adv emsed but little tested species should be av oide 
Locall> grow n seed usually is most satisfactor> Seeds of nativ e species 

should be collected near the site to be sow n, with either a hand or 
power-dnven stripper (47) 

Seed mixtures, because of diversitv in root distribution, can mu 
fulh utilize the available moisture and soil nutrients than single 
Also, the season s forage >ield is likel> to be larger, and, since all spec 
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do not mature at the same time, the period of succulence and desirable 
nutrition is lengthened. Mixed seeding is especially recommended 
where desirable species are slow in gaining a foothold. 

Many plant species, both introduced and native, have been used to 
improve and stabilize the soil (i7, 22). Sodforming grasses protect 
the soil best, but a good stand of bunchgrass is effective on conserva- 
tively grazed range lands. 

Too dense a seedling stand wastes seed and lessens the chances of 
procuring a strong cover. Correct seeding rate is determined by the 
thoroughness of planting, the size of the seed, its purity, and its germi- 
nation capacity. The buyer should be on guard for these qualities. 

Season and Depth of Planting. In mountainous regions the best time 
to plant is in fall, shortly before the coming of winter snows. How- 
ever, spring or summer planting is advisable where precipitation is 
adequate to keep the soil moist and where winter killing, as from soil 
heaving, occurs. Drilling in the seed provides the best coverage. On 
slopes the drilling should be on the contour to control excessive nmoff. 

The depth of planting is important. Small seeds, because of limited 
reserve food, should not be planted deeper than Vi inch; large seeds 
seldom deeper than about 1 inch. On light soils, and on fresh forest 
or brush burns where the soil has been fluffed up by the heat, a fair 
proportion of broadcast-sown seeds usually finds its way into the soil. 

Airplane seeding appears to be practicable on large areas of cleanly 
burned-over land (33) but is often wasteful on logged-off areas and 
has no place on meadows, where the seed should be drilled in. On 
calm days airplane seeding is relatively inexpensive and rapid, generally 
resulting in fairly even seed distribution. The costs of the three main 
distribution methods were estimated for a normal peacetime year by 
Pickford and Jackson {3S}. Exclusive of the seed price the cost per 
acre was: drilling $1,00, mechanical broadcasting 50 cents, airplane 
seeding 25 cents. 

Scattering pelletized seed by airplane or by hand lias been attempted 
experimentally, mainly in the Southwest, Idaho, and Montana. 
Credited to Dr. L. S. Adams, retired dentist (fJ), the pelletized seeds 
are mechanically compressed into quarter-inch size from prefertilized 
clay soils. Pelletizing is meant to give the seedlings a vigorous start 
and to protect the seeds from birds or rodents. But pelletizing has 
not been successful, largely because the seed-carrying pellets are gen- 
erally left on the surface of the ground; manufacturing and scattering 
nf the added bulk is expensive; and it has sometimes resulted in appre- 
ciably reducing seed viability. Drilling in the seed at proper depth 
niay be expected to give results far superior to broadcasting of either 
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reitilizatjon of nngc or meadow soils rends to increase niitncion and 
pahtabilit) of the forage or ha\ The animals tend to gra7e the forage 
closcl> on areas w here a needed fertilizer has been applied, w hercas 
the\ crop unfertilized units suppoiting the same kinds of plants only 
moderately or hghtl> Perhaps, b\ selecting small areas for fertilization 
much as one w ould choose phc<» for salting, better distribution of In e- 
stock o\ cr the range nn\ be obtained H this should prove effective, 
sbghtly different sites should be fertilized each \ ear to a\ oid o\ erutihza- 

TABLE 3 

Appiication of Commercial Perth izers 


Element Carrier Rate per Acre 


Calcium Ground limestone 

1 ton 

Phosphorus Superphosphate 

300-500 1 b 

Potassium Mumte or sulfite of potassium 

100 lb 

(Mtrate of soda 

100-200 lb 

or 


Nitrogen a Sulfate of ammonia 

75 150 ib 

or 


(Barn> ard manure 

5-10 tons 

fGjpsum 

400 lb 

Sulfur s or 


(Soil sulfur 

801b 


tion of such areas Similarly, Inestock, if given a choice, also prefer 
hay from the fertilized portion of a meadow Often the hay from the 
fertilized sod is more or Jess completely eaten before ani appreciabJe 
amount of the unfertilized poition is taken Albrecht, (/), speculating 
on food selectivity, states 

Just what particular chemical compound in the food helps the ammal 
to discriminate and whether it does so b). smell as w ell as by taste are 
sail open questions That the animal s delicacy m selecting food ser\ es 
for Its better body growth is clearly suggested m work to date 

On portions of the coastal annual foothill ranges of California, cattle 
are attracted to areas fertilized with 300 pounds per acre of ammonium 
phosphate (16-20-0), but, in parts of the drier San Joaquin councr>, 
cattle closeK graze areas fertilized with 300 pounds per acre of gypsum 
or sod sulfur Forage production has increased apprecnblv in normal 
rainfall \ears where needed fertilizers were applied, but little or not 
at all in ahnormalK drj seasons 

Sod Analysis Chemical anaUsis of range sods seldom furnishes the 
operator with a direct answer to reseeding possibditics largely because 
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pclleti7cd or free seed m nhnimng in mitnl stand Where birds arc 
hkcl\ to consume nnith of the naked broadeast seed, the seed nu\ he 
treated s\ith the d\c National BnlUint ^cllo\\, S P Tlic counts 
agent should be consulted for specific directions 

Seedbed Preparation and Seed Coverage On productive sites it 
usuallv pass to prepare a good seedbed 1 he idea! seedbed for grasses 
and legumes consists of a fairlv bunc and finc*teKturcd topsoil over a 
firm and modcratch deep subsoil On compicr. vvecd-co’ cred soils, 
disking and then seeding with a grain drill is iisuallv satisfactorv On 
loose, sparsch vegetated sues, a spikc-tiKuh harrow accomplishes the 
same end In open deciduous forest, such as aspen or oak, seeding in 
the autumn before leaf fall visualU provides adcijuaic seed coverage 
Plowing, except of the highest qtiahtv sues, is usuallv too expensive 
{36f 45, 49) On gentle slopes where the soil is compict, plowed 
furrows spaced several feet apart provide a good scedhed at low cost 
Use of Fertilizers Most forage crops \icld more hcavilv when 
suicablv fcrtilircd In humid, eastern United States, pasture soils arc 
commonlv deficient m calcium, phosphorus, and nitrogen, and some in 
potassium (41) In the and West, deficiencies in phosphorus and 
nitrogen arc comnum {15, 54) In some areas success is achieved bv 
appl>ing annualU a top dressing of nitrogen, such as sodium nitrate, 
to favor the grasses, or of nitrogen and phosphorus, such as ammonium 
phosphate (16-2CW)), to stimulate growth of legumes and grasses, or of 
gv psum to supplv needed sulfur, or, less commonlv , of potash 

Both commercial fcrtih/crs and bamxard manures arc effective on 
pasture Commercial fertihrers usuallv supplv nirrogcn, phosphorus, 
and potassium, singlv or in a combination called a complete fertilizer 
The percentage of nitrogen, available phosphoric acid, and water- 
soluble potash IS expressed in a combination of numbers, such as 
4-16-4, implving a proportion of 4 percent nitrogen, 16 percent phos- 
phoric acid, and 4 percent poiash 

Commercial fertihrers-used either singlv or in combination as shown 
m Table 3— and bamvard manure, can he expected to increase rhe 
jield of manv pastures that have a fair stand of desirable forage plants- 
Top dressings of the commennaj femli/ers should preferabh be applied 
1 to 2 weeks after spring growth starts, or thev mav be disked m, 
using a fertihzei spreader, just before reseeding 

Bamvard manure is a natural and the best all-around fertilizer 
Application at 3-vear intervals is satisfactorv A great waste of pas- 
ture fertilitv results from having shade trees and stock watering tanks 
on the low er rather than on the higher portion of the pasture w here 
fertilizer effects w ould be better distributed 
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chiefly on the national forests (Fig. 53, W), present a problem distinct 
from that of the Coastal region. 

South Coastal Division. The southern division (Fig. 5 3 A) 
includes all of California except the southeastern desert and the moun- 
tain strip along the eastern border. Jones and Love (27) divided this 
area into three units: southern, central, and northern. 



Fig. 53. Major pasture regions of the United States. Each region requires 
selection of adapted species for successful artificial reseeding. 


The southern unit (Fig. 53, Iir) of the California Coastal division, 
with its dry, hot summers and competing annual vegetation, is the most 
difficult to reseed. Mowing or spraying this cover with 2,4-D or one of 
its derivatives once or tNvice early in the summer is helpful. Judicious 
selection of species for reseeding is especially important (4). Along 
the coast the following have given best results; birdsfoot trefoil, bur- 
clover, burner, Dallis grass, foothill needlegrass, Harding grass, Ladak 
alfalfa, orchard grass, Rhodesgrass, r>'egrasses, subterranean clover, or 
mixtures of these. In the drier interior sites of the southerly unit only 
the most drought-enduring species, including native perennials, have 
shown any promise. 

In the central coastal unit (Fig. 53, If») essentially the same species 
are useful, but on the drier inland sites a combination of perennial rye- 
grass, the ncedlegrasses, and California brome may be established. 
These arc best pl.'intcd u’irh a press drill in the stubble of plowed fields 
shortly before the beginning of the rainy season. 
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tlic sojI t>pcs arc numerous c\i.n in local areas and the relationships 
between soils and plant life arc highK complex Soil anaUsis, how- 
e\er, maj be helpful to the range imcstigator who is studving such 
problems as fixation of nutnents, distnlnicton of fcrtib7crs m soils, and 
problems of alkalmit> and salmitx 

Chemical soil anaUsis determines the amount of rcadiK axailablc 
nitrogen phosphonis, potassium and, perhaps, of certain trace elements 
The kind of combination of commercial fertih/ers needed will depend 
on the \cgctation to be grown Grasses gcnenlU respond best to top 
dressings of nitrogen or nitrogen and phosphorus, legumes to applica- 
tions of calcium, phosphorus, and/or sulfur 
If chemical soil studies arc tmderraken as a part of reseeding expen- 
ments thex should he initiated at the outset m order to determine the 
nutnent lex els of the m-ain sod txpes Hie species to be seeded max 
first be groxxn m pot cultures m a greenhouse where the clTccts of 
xanous fertilizers mas he observed in a prcliminarv wav 
Broadl) considered, then, sod analx sis max he useful in range research 
but IS of doubtful X aluc to the indiv uhial land ow ner 1 he inx cstigator 
should never lose sight of the fact that there is no substitute for close 
observation of plant response on adequate numbers of propcrlv located 
field test plots 

Manacfmest oi Newly Piastfo Anrjvs 
Most reseeding efforts will come to naught if the seedling stand or 
planted segments arc grazed before ihc) become well established In 
the West, most ncwlv planted areas should have no less than 
possiblv 2-\cars of total protection from livestock grazing, preferabh 
b> fencing Rodents should be poisoned where numerous, and hca\> 
infestation of weeds should be mowed m carlj summer 

Regional Considfrvtions in Rinffoinc of Wfstfrn Rancf 
In selecting plants for seeding in different geographical areas, the 
writer has followed a prcMouslv used plan (•fS) of dividing the nations 
pasture lands into seven broad climatic regions (Pig 53) 

I Pacific Coast Region A large part of the Pacific Coast region 
lies mostl) in the Sonoran and Humid Transition life zones along the 
ocean from southern California to northern Washington including the 
vallevs and foothills (Fig 53, 1) 'live climate is mild— the summers 
dr> and hot the winters ramj Since the California portion receives 
less precipitation than the coastal region northward and has a dtstinctiv e 
flora, the Pacific Coast region is du ided into a South Coastal div ision 
and a North Coastal division In addition the mountain lands, Jocared 
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associates {4S) recommended special 
logical sites,- as shown in Table 6. 

In the entire Pacific Coast region 
erosion control and for soil building 

Alfalfa 

Australian saltbush (1/4, «) 
Beardless \vild rye 
Birdsfoot trefoil 
Blue wild r>e 
Bur-clo\cr (M, a) 

California brome (lA, b, c) 

Filaree (lA,a) 

Harding grass (1/4, b, c) 

Italian r>egrass (III, c) 

Junegrass 
Kikuyu (M, a) 


seed mixtures for different eco- 
the follo\\ing species are used m 


Orchard grass 

Perennial r>egrass (1/4, a, b) 

Purple needlegrass 

Redtop 

Smdo (1/4, a) 

Subterranean clo\er 
Sudan grass 
Tall fescue 
White cloier 

Wimmcra ryegrass (1/4, «i) 
Yellow sweetclo\er 


TABLE 4 


Suitability of Species for Seeding Different Vegetal Areas in the 
California Mountain Region* 


Species 


Great Basm 
Sagebrush 
{Transition 
Zone) 

4000-5000 ft 


Ponderosa 

Pine 

{Transition 

Zone) 

5000-7500 ft 


Red Fir — 
Ledgepole 
{Canadian 
Zone) 

6000-9000 ft 


Dry 

Moist 

Dry 

Moist 

Dry 

Moist 

Sites 

Sites 

Sites 

Sites 

Sites 

Sites 


Crested wheatgrass 

X 


X 




Smooth brome 


X 


X 



Timoih) 


X 


X 


X 

Intermediate wheatgrass 

X 

X 

X 

X 



Pubescent wheatgrass 

X 

X 

X 

X 



Redtop 




X 


X 

Mountain brome 





X 


Reed canar) 


X 


X 


X 

Big bluegrass 

X 


X 




Slender wheatgrass 



X 

X 

X 

X 

Blue wild rjc 



X 


X 

X 

Tall meadow catgrass 




X 


X 

Orchard grass 




X 


X 


* Unpuliliihed data ti«cd through pcfm»s<ton of the Caltf rarest and Range Expt Sta , 
Bcrkelc) , Calif Seeding guides for the North Coa%t division arc presented m Table 5 

*lhe author Im supplemented Semple* litw b> adding tall fescue and subter- 
ranean clover, because of their favorable rc^mscs in more recent cvpcriincnts. 
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In the northern unit (Iig ^3 If) the spctics recommended arc 
birdsfoot trefoil bumet C-ahfomia oatgrass, I larding grass, hop closer, 
needlegrass, orchard grass, rsegrasscs tall fescue, and tall meadow oat- 
grass Here grasses do liettcr than legumes 
On selected sites near the San Trancisco Bis, the Soil Censers ation 
Sen ice his succeeded in csrabiLshmg c\pcr!mcnta\U , such species as 
Harding grass, nccdlcgnsscs, bumet, California oargnss, perennial nc- 
grass and some legumes To what extent these stands can be main- 
tained under grazing is problematical 

Comemng brushficlds to a grass enter is mother reseeding problem 
in pans of the South Coastal region The bnish is burned m summer 
and seeded in fall I o\c and Jones (>0) ha\c proposed sanous niiv- 
tures of perennial grasses and legumes But reseeding of these areas 
to perennials js hazardous and still m the cspenmcntil stage 
Because of the se\crc competition of clnparrat sprouts and scedhnes 
and of herbaceous xcgctation, the milior favors— if anv reseeding is to 
be undertaken— the use of annual species such as cereal rve, Italian 
negrass, wild oat, soft chess, and rose clover These plants become 
established much more quicklv than perennials, provide some forage, 
protect the otherwise exposed soil from severe erosion, and tend to 
suppress invading brush seedlings However, bums on which peren 
mat grasses occur m some abundance mav be seeded to such peren 
nials as Harding grass, smilo, and tall meadow oatgrass (Oiaptcr 13) 

Cahforjifa Uoimtani f ands These lands (Fig 53, Irf) he lietwccn 
elevanons of some 4000 to 9000 fccc A largc'part of the grassland 
needs reseeding, particularlv the neadows 

In the northern portion of this unit the U S Forest Service, the Soil 
Conservation Service, and the Extension Service of the Umversicv of 
California have concluded that crested wheatgrass and smooth hrome 
give the best general results (Table 4) Other species listed m the 
table have shown pronuse m vanous habitats But the studies are still 
m the expenmcntal stage 

North Coastal Diciston TTie relativeh favorable growth conditions 
m this div ision—Transition and more elevated life zones (Fig SSS)— 
have induced a fairlv extensive reseeding program Competition with 
native species is partl> overcome b\ seeding with aggressive species 
and bv mowing or using selective sprats In parts of this region a 
rather large acreage of nonrestocking cutov er and burned timbcrland 
has been converted to pasture Daniel and Ensmmgcr (IS) reported 
best results from fall seeding, and thev recommended the seed mtx 
tures shown m Table 5 

Working with other than cuto\eF lands of this region, Semple 
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II. Northwestern Region. The Northwestern pasture region lies 
inland in Oregon ind Washington and in the northern half of Idaho 
(Fig 53, ll) It consists largeh of open stands of coniferous forests 
or of cuto\er or burned timber lands in the Boreal region, and in the 

TABLE 6 

Seeding Recommended for Noncutover Land, North Coastal DmsiON 


For Moist Bottom Lands For Fertile Uplands 



Pounds per Acre 

Pounds per Acre 

Tall fescue 

4 

Tall fescue 

4 

Italian rjegrass 

3 

Italian ryegrass 

4 

Perennial r>egrass 

3 

Tall meadow oatgrass 

4 

KentucUj bluegrass 

4 

Orchard grass 

4 

Subterranean clo\ cr 

2 

Kentucky bluegrass 

4 

\^htte clover 

2 

Subterranean dover 

3 

Red clo\ er 

2 

White clover 

2 

or 


Red do\ er 

2 

AUike do% er 

2 

or 


Total 

20 

Alsike clover 

2 



Total 

27 


For Land Subject to Flooding 


Short Periods 

Long Periods 



Pounds per Acre 

Pounds per Acre 

Seaside bent 

5 

Reed canarj 8* 

-12 

Meadon foxtail 

5 

or 


Italian rjegrass 

4 

Seaside bent 8- 

-10 

AUike doer 

4 



Total 

18 
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For erosion control and soil building in this region the following 
species are among the most useful 


Beardless wild rje 
Bluestem wheatgrass 
Blue wild r) c 
Canada bluegrass 
Crested wheatgrass 


Kentuckj bluegrass 
Redtop 

Slender wheatgrass 
Smooth brome 
Thickspike wheatgrass 


III Great Basin and Intermountain Region The great diversit> 
of elevation, climite, and soils of this vast region (Fig 53, III), embrac 
ing the Boreal region, and the And Transition and Upper Sonoran life 
zones, has stimulated trials wth many forage species Best results may 
be expected in the cooler, heavier-ramfall mountain and foothill zones 
and the poorest in the drier and hotter Sonoran semidesert zone 
Best seeding time is generally m September and October, before the 
coming of snows, but, m the mountains where summer rams are 
abundant, seeding in July and August is satisfactory (50, SI) 

On mountain ranges of medium elevauon m eastern Oregon, a 
border area of the Intermountain region, Pickford and Jackman {SS) 
recommend the mtxed seeding in the various life zones and sites as 
shown m Table 7 

for seeding near amber line— Hudsonian zone— where the annual 
precipitation averages some 30 inches and the growing season is 75 
to 90 days, Forshng and Dayton {11) recommend the species shown 
in Table 8, planted singly 

Most of these species arc also cmplo) ed m the mountain and foothill 
ranges of Colorado, Nevada, Utah, and western Wyoming On some 
sites m these states bulbous bluegrass, Canada bluegrass, the r> cgrasscs, 
and several name whcargrasscs arc used 
On cleared sagebnish and scnib oak cover (And Transition zone) 
in Utah, Price {40) and Sfoddart {SI) obtained some good stands with 
crested wheatgrass, smooth brome, bearded wheatgrass, and big blue- 
grass Stewart, Walker, and Price {SO) reported good results with a 
combination of bUicbunch wheatgrass, western wheatgrass, crested 
wlieatgrass, and smooth brome, and on sonic sage bnisli sites, alfalfa, 
intcnucdntc wheatgrass, stifflnir wheatgrass, slender wheatgrass, and 
tall fescue were successful On rocklcss areas the whcatland plow 
(onc-wav disk) or an olTsct disk were best for removing the sagclinish, 
nn rocks areas the Dixie harrow was cfTcctivc 
lor well-drained mountain meadows Stewart, \^^alkcr, and Pnee 
(SO) recommend Kentuckv iduegrass, orchard grass slender wheat- 
gravs and nmothv 
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the fire. The\ recommended a mixture of 3 to 5 pounds of a suitable 
combination of the following species timothy, orchard grass, Ken- 
tuckv hluegrass, tall fescue, meadow fescue. Chew mgs fescue, highland 
bentgrass, smooth brome, and slender wheargrass. Better stands were 
obtained on the lighter than on the heaiicr bums 

The following species are recommended for the lower and drier 
mountain slopes and higher foothills bulbous blucgrass, timothy, and 
such native grasses as Canada wild-ryc, grccnlcaf fescue, and Sandberg 
blucgrass 

Near timber line (Hudsonian life zone), on inland mountains gen- 
crallv, Forslmg and Davton (i?) recommended seeding with these 
species Canada blucgrass, Kentucky blucgrass, smooth brome, redtop, 
and ihickspike wheatgrass (these five are sodformers and may he main- 
tained where the growing season is too short for seed formation), 
slender wheatgrass and hig mountain brome. 

for general use on inland mountain ranges Forsling and Dav’^ton 
recommended the following plants, these being considered suitable 
for seeding both in the Northwest region and eastward from the 
west coastal slope. 
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the advent of the characteristic summer rams The combined effects 
of protracted droughts strong winds, and overgrazing have replaced 
much palatable forage with burroweed, cactus, cholla, juniper, and 
mesquite These lands can best be improved by conservative cropping 
and deferred grazing to favor natural reseeding where ample seed 
plants remain But, where natural revegetation is too slow, artificial 
reseeding trials with adapted species are justified 
Especiall) recommended sites (7, 5J, 42) for seeding are (1) 
denuded range where soil and moisture conditions are above average, 
such as flats and meadows that are naturally flooded, (2) denuded 

TABLE 8 

Seeding Recommended Near Timber Line, Great Basin and 
Intermountaim Region 


Seed Available on Market Seed Not Available on Market, 

Cultivated Species Nauve Species 



Toundt per Acre 


Peundi per Acre 

Smooth brome 

15 

Slender wheatgrass 

15 

K.‘ntuckj bluegrass 

IS 

Big mountain brome 

20 

Canada blutgrass 

15 

Thickspike wheatgrass 

15 

R dtop 

8 




and eroding hilly lands where a denser plant stand can be induced by 
contour furrowing and other such techniques, (3) abandoned farm 
land and steep slopes chat will support a permanent pasture cover, 
(4) dikes, banks, dams, spillw ays, denuded areas along highways, and 
similar sites 

Special techniques for planting the seed and protecting the seedlings 
are helpful On light soils the seed should be scattered broadcast and 
covered bv dragging a brush harrow or other light implement over 
the area, or trampling of sheep After that, the area should be 
mulched w ith straw 

On the hca\ier soils the seed should be drilled m, a cultipackcr 
(Fig 54) being useful On cspeciallj critical areas, transplanting of 
Mgorous segments of nurscr\ -grow n stock or of plants dug up from 
the natural stand is an c\pcnsive but good method of establishing 
native perennials 44) 

All reseeded or transplanted areas must be protected from livestock 
grazing for 2 full growing seasons Jack rabbit and rodent control, 
cspcciallv on mesquite lands, must be earned out before revcgetarion 
IS undertaken and repeated when needed 

Species recommended for seeding arc broadlv divided into two 
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Sefding KecoHMtvoto io» Mroitu 

Ssiiebrush H l’sidf< 
or Dry Mcado*' 

PounJi ffr Icr* 

Crested wheatpass (not 
used much abov e SWW 
ft or v*hcre ramfaU 

greatly cteteds 16 in ) 2 

B g bluegras* J 

Bluebunch wheatgra \ I 

Tall meadow oargrass 
Total 5 

Pondcrosa I^ne lz>pged^ff Und, 
Good Rainfall 


, Mrt)U.«fcLrxATio>» Rakcm, Kaitmv 0«tro-« 


PoBdcrcKa Pine 

Ixjw Rantall 


Cftst'd •heatgras* 
Idaho fescue 
Che»infes fescue 
Mountain brome 
Total 


PeuriJt fer 


Orth.rfpi-M 2 T.llm«d<«o.fST».. 2 

Tall meadow oatgrass 2 t ^ 2 

Chewmjrs fescue 1 I?» i 

Kenluck) bluegrass 1 \f ! 

Timoih) 1 LadaV alfalfa * 

\Shite sweeicloser 2 Total ® 

Total y 

Meadows W et in Spnrg Period H gh Elevation, Bumed-Os er U 

Bluestemwheatgrass 4 l 

Meadow fojtail 1 Orchard gT*« it 

Redtop 1 Chewtngs fescue “ J 

Alsihe clover I Tall meadow oatgrass 0> 

7 Meadow foxtail H 

‘ Astona bentgrass 

Total 5-5 

• In recent experimental trials intermediate wheatgrau and itifF hair *^**'fff ” 
given good results on cutover ponderosa pne lands in the Blue Mountains 
Oregon and in Idaho 

For erosion control and soil building (/^), the following species arc 

recommended 


Astona bentgrass 
Bluebunch svheatgrass 
Bluestem ssheatgtass 


Crested ssheaigrass 
Kentucky blucgrass 
Ladak alfalfa 


Smooth brome 
Tall meadow oatgrass 
MTiitc closer 


IV. Southwestern Region The Southwest embraces southeastern 
California, Anzona, Nc» Mexico, and «cstcm Texas (Fig 53 , 1 > 
and lies chiefls in the And Transition and Upper Sonoran life zon 
In this hot, drj region, rainfall is about 15 inches or less a scar 
Current reseeding studies include those b> Bridges (7), Cassads a 
Glcndenmg (S), Under (/2),nnlovi (/«), Parker and McGmnies (5 3 . 
Ssnoir and associates («), Valentine ( 55 ), and Wilson ( 55 ) 
These workers recommend planting in June or earls Juls, just be 
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best, but two introductions from South Africa, Lehmann lovegrass 
(Fig 55) and weeping lovegrass have given promising results in the 
southern portion of this region {12, 35, 42). The earlier reputation 
of low palatability of these plants has been partly disproved, when 
green and succulent, they are moderately palatable to stock. How- 
ever, their seed is not yet available on the market. 


TABLE 9 

Species Suitable toe Seeding Semideseet Lowlands 

Pcu«4s pir Am P” 

(when planted smgl>) (when planted singly) 


Alfilana 

lQ-15* 

Alkali sacaton 

7-A 

Big bluestem 

7-12 

Black grama 

8-14 

Blue grama 

3-5 

Buffalo grass 

1-2 

Chamiza 

10-12 

Curly mesquite 

10-15 

Fourwing saltbush 

15-18 

Galleta 

5-10 

Hairy grama 

3-5 


*Use the larger amount of seed on 
broadcast. 


Indian ncegrass 

10-15 

Lehmann lovegrass 

1-2 

Mesa dropseed 

2-4 

Rothrock grama 

5-10 

Sand dropseed 

2-A 

Tanglehead 

4-6 

Tobosa 

5-10 

Vine-mesquite 

(also sod transplant) 

12-15 

Weeping lovegrass 

3-4 

Wintcrfat 

10-15 


more productive sites and where the seed is 


Species Suitable for Uplands, in open forest or sagebrush of the Arid 
Transition zone are listed in Table 10. Since precipitation is rela- 
tively heavy, seeding is more successful here than in the drier lowlands. 
The zones grazed most are the ponderosa pine and sagebrush-woodland. 

Reynolds and associates (42), working in Arizona and New Mexico, 
have tentatively recommended the species and rates of seeding pre- 
sented in the table. 

The techniques of seedbed preparation, planting, and management 
of the seedling stand applies as strictly in these zones as elsewhere. 

V. Great Plains Region. The Great Plains region, extending from 
the Ciinadian to the Mexican border (Fig. 52), embraces mainly the 
Upper Sonoran life zone, but in the northern portion the And Transi- 
tion zone is well represented. The diverse climate necessitates use 
of many species or strains in reseeding. 

Southern Great Plains. This division (Fig. 53, VA) lies in the 
Upper and Lover Sonoran life zones. Although this area receives 
more rainfall than the Southwest region, several of tile same species 
arc used in reseeding. 

Here the chief task is to reseed abandoned, plowed, terraced, or 
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catcgoncs those suited to the scmiand lowland gross zone, and those 
best adapted to the more debated and rnoistcr forest /one 



Fig. 54 Abate ccccmne dak with oiltipackcrHccder attached behind belov, 
pus formed b> cccemnc dsk filled with water from a Jjphr shower 

Species Statable for Sermiiesert I o^Iands, below <1500 feet in the 
Upper and Lower Sonoran life zones (29, S3) arc listed m Table 9 
Few of the species listed above can be established where the average 
annual precipitation is below 12 inches In general name species arc 
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low-vielding farm lands (3f, 46). Because of possible wind erosion 
the seed is often drilled into a protective stubble left by a previous 
crop such as cane, Sudan grass, kafir, or sorgo. Small-grain stubble 
is seldom satisfactory for grass seeding. Only in protected sites should 
the land be clean-tilled (5). Sorghum is commonly sown the first 
year— adapted grasses the second year. 


TABLE 10 


SrECiES Recommended for Seeding in Two Upland Zones and 
Amount of Sefd to be Planted 


Zone 

Ponderosa pine 


Sagebrush and woodland 


Annual 


Seed per 
Acre When 
Planted Singly 

Precipitation 

Species 

(pounds)* 

Above 25 in 

Orchard grass 

5-8 


Smooth brome 

8-12 


Tall meadow oatgrass 

7-10 

20-30 in. 

Slender wheatgrass 

8-12 


Big bluegrass 

5-8 


Crested wheatgrass 

5-8 


Intermediate wheatgrass 

6-9 

Above 15 m. 

Crested wheatgrass 

S-8 


Bluestem wheatgrass 

8-12 


Chamba 

10-15 


Sand dropsecd 

2-4 


* Use the larger seed poundage when broadcasting, the smaller poundage when planting 
with drill, cultipacker, or lister. Plant in 6.inch rows where annual precipitation is above 
20 inches, 12.inch rows where it is below 20 inches. 


Many attempts at artificial reseeding have failed because of severe 
competition with weeds many areas natural reseeding, either 

through deferred grazing or by conservative forage use, appears to be 
the most practical means of revegetating. On suitable sites, however, 
artificial reseeding has resulted in increased capacity and the produc- 
tion of more pounds of beef than is possible on native range. 

On some sites the practice of “pitting ’ the soil with an eccentric 
disk to hold moisture from rains has been helpful in establishing seeded 
areas (Fig. 54). 

The time of seeding depends upon the method of land preparation 
and the forage species used. Late March to early April is best for 
warm-season grasses which require fairly high temperatures for growtli; 
fall or early spring seeding is best for cold-season grasses. 

The mixtures recommended by Savage and Smith (4S) for different 
sites are given in Table 11. 



reslcding ranges and 
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come dormincy Now much more buffilo grass is planted in the 
Great Plains with seed than with sod pieces, usually in mixture with 
grama grasses 

Where name bluestems occur. King-ranch bhiestem, native ot 
India, should be tried This plant has been grown successfully on 
test areas from the Gulf Coast to northern Oklahoma 

Northern Great Plains The gentlj rolling plains of bunchgrasses 
and sagebrush in the middle and eastern portion are in sharp contrast 


TABLE 12 


Species Recommended foe Seeding in Northern Plains Reoion 


Species 
Blue grama 
Bluestem wheatgrass 
Crested wheatgrass 
Indian ncegrass 
Ladak alfalfa 
Mountain brome 
Orchard grass 
Smooth brome 
Tall meadow oatgrass 
Timothy 

Yellow sweetclover 


jyhere Adapted 

Plains 

Plains ranges, heavy soils 
Foothills, plains, valleys 
Mountains, valleys, sandy soils 
Plains, foothills, swales 
Mountains, exposed subsoil 
Mountains, intermediate valleys 
Mountains, plains, swales 
Mountains, moist sites 
Mountains, moist sites 
Foothills, plains 


Seed per Acre 
(pounds) 


Drilled 

Broadcast 

5 7 

6-8 

6-8 

8-10 

3-5 

4-6 

5-7 

6-8 

3-5 

4-6 

8-10 

10-12 

4-6 

5 7 

6-8 

8-10 

5-7 

6-8 

Z-i 

4-6 

3-5 

4-6 


to the rugged boreal forested chain of the Rocky Mountains m the 
w estern part of this region (Fig 53, VB) Climate, soil, and reseeding 
practices (23, 24) are also vastl) different 

Areas heavily covered by undesirable vegetauon, such as downy 
chess or tumbleweed, should be disked or harrow ed before planting 
Short (49) recommended seedbed preparation in the fall when the 
soil was moist from rams On the steeper slopes he proposed contour 
furrowing at mtenals of 8 to 12 feet, using a reversible hillside plow 
Broadcast seeding w as satisfactorv on the lighter soils pro\ ided the 
seed was covered Good stands were also obtained merely by drilling 
in the seed on an unprepared seedbed Burning the stubble is not 
adtisable Late fall seeding (September and earlv October), shortly 
before the soil freezes, ga\ e better results than spring planting 

The species recommended for depleted mountain and northern 
plains areas of the And Transition and Upper Sonoran life zones (49) 
are listed m Table 12 

Although smooth brome is a broadh useful plant m this region, 
crested wheatgrass ranks first Introduced from Siberia about 1930, 
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Some %’aluable native species that spread by stolons or rhizomes tend 
to have weak seed habits or short seed stalks that make seed coileccion 
difficult. Buffalo grass is difficult to plant because of (1) lack of seed- 


TABLF n 

Species and Poisdace or Seed pe« Acre tor DirrEREirr Sites in the 
S ocTMERN Great Peainj Region 


Spetiei 


^Trrage 
Punij 
oj Set J 


Pounds of Seed per Acre 
for Different Mixtures 
First Second Third 


Summer (Warm-Seawn) Grasses for Hcav')’ or Semtheav> Upland Soils 
Blue grama 40 8 6 7 

Side-oat grama 20 3 3 3 

Buffalo grass 85 2 2 2 

Switchgrass 70 --- 1 — 

Weeping lovegrass 90 — — 0 5 


Summer Grasses for Sandr or Semisandy Upland Pastures 
Blue grama 40 5 5 3 

Sideoat grama 20 7 7 6 

Switchgra« 70 3 2 2 

SandloNCgrus 80 — 1 0 5 

Sand bluestem 25 — — 5 

Summer Grasses for Bottom Land Pasture or Hay, also for Uplands in Eastern Pan 
Smtchgrass 70 JO J 3 

Side.oat grama 20 5 — 

Indian ncegrass 60 — 5 5 

Blucstems 25 — 5 5 

Purple top $$ _ 2 


N\ inter (Cold-Season) Grasses for Grazing on Medium Heavy Upland Soils 
Bluestem wbeatgrass 80 12 8 7 

Canada wild r}c 70 — 3 

Teaas bloegrass 50 — 12 

Grasses for Irrigated Pasture or Hay 
Sintchgrass 70 10 5 5 

Side- 03 t grama 20 5 5 

Bluestems 25 — 5 5 

Indian ncegrass 60 — 5 5 

Purple rop 65 — 2 — 


collecting machmer>- and (2) donmnej’ of seed 4S). These 
handicaps have now been partly overcome by development of sev- 
eral n pcs of seed-collecting machines w ith suction or beaters to get 
the seed from the short stalks, and by treatments of the seed to over- 
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areas were large enough to constitute management units where proper 
standards of range use or the longevity of the stand could be deter- 
mined. For these and other reasons the more or less unbridled opti- 
mism expressed by some reseeding specialists seems unjustified. 
Some livestock operators have indicated little interest in fostering 
native stands of forage to the fullest extent, since, according to the 
recommendations of some investigators, their lands could be cheaply 
regrassed with better vegetation. 

Cost and return records on reseeding are most complete in the 
Intermountain region (Fig. 53, III) where Pearse and Hull (57) ana- 
lyzed twelve areas. The cost of reseeding varied from about $1.81 
to $4.50 per acre, whereas grazing and yield figures ranged annually 
from $0.35 to $0.54 per acre. After allowing for protection from 
grazing for 2 successive j'ears after seeding, the increased forage had 
possibilities of offsetting total reseeding cost after 7 to 9 years of 
grazing use. In addition, certain intangible benefits should be recog- 
nized, such as improvement of watersheds, better balance of yearlong 
forage, and increased profits from the stock (5<5). 

Even though empirical trials have demonstrated that various sites 
can be reseeded, private owners and public agencies have revegerated 
only very small portions of the depleted areas. Alany operators and 
land managers are skeptical of reseeding partly because exaggerated 
claims for its success contrast sharply with the many failures of which 
they have observed or heard. Nowhere should reseeding be regarded 
as a panacea for overgrazing and other forms of mismanagement of 
the range. Additional data on reseeding costs, longevity of the stand, 
proper standards of use of reseeded areas, and certain other facts are 
obviously needed. 

For further information on reseeding, the reader should consult the 
Yearbook of Agriculture, entitled Grass. 

Establishment of Irrigated Pastures 

Discussing artificial reseeding on arid western range lands would 
not be complete without consideration of the establishment of irrigated 
pastures. Where this is possible, a few acres of irrigated pasture may 
be relied on to carry the animals through an otherwise short feed 
period. 

An irrigated pasture is an area that is used primarily for grazing 
livestock and secondarily for production of hay. The land is prepared 
for application of irrigation water and then artificially seeded, usuallv 
to grasses and legumes. Areas not suitable for growing cultivated 
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it is now producing fatrlj good stands on sonic 1,250,000 range acres 
in Montana (?*/) and is suited to plains conditions as far south, inci- 
cientally, as the Paniiandic of 1 exas Crested w hcatgrass starts grow th 
earlier in the spring than most grasses and is ready for grazing 2 to 4 
weeks before the name pasture. Also, us grazing capacity is higher 
than that of mans other species. It pros ides good feed for the lambing 
and cals'ing period and endures close spring grazing (5tf). 

Of some 24 strains of crested sshcatgrass tested m Montana, “Fair- 
way” is best m the intermediate mountain country that receives 15 
to 20 inches of precipitation, whereas “Standard” is best in the plains 
region of lighter rainfall. 

For erosion control and soil building, the following species are use- 
ful m the various areas of this region: 

Alfalfa Cinatb blucgraa l-utle bluwtcm 

Alkali i]ro|Kccil Crested whcattiran N’eedlc*aod thread 

Anrona fescue Desert uillou Oaackprass 

llioH out prass ilatey prama .Salibusliea 

Blue grama Indian ncegrass Sudan grass 

Blucstcm wheatgrass Kentucky blucgrass Ss'iichgrass 

Buffalo grass Lehmann lot egrass Winterfat 

Economic Asvrcrs ok AnxiFiaAL llANor-LsNU Resffding 
In the farm region of the humid East the balance between cost of 
artificially establishing a pasture cover and the returns in meat or miR 
production is generally so fasorablc that the economics of the opera- 
tion is not riucstioned. Even sshen fertilizers arc added, the cost of 
pasture reestablishment is economically sound. 

In contrast, on the arid stestem ranges the cost of establishing 3 
forage stand by artificial reseeding may be in close balance with the 
value of the increase in forage. Often such reseeding is only partially 
successful and will not justify the expense, or it is an outrigh? failure. 
The economic outcome hinges largely on what sites arc chosen, what 
plane species are used, hosv the seedbed is prepared and seeded, and 
how the area is managed. Certainly the more productive and moister 
areas should be reseeded first, after that one might chance, in a small 
way, seeding of the predominantly bleaker, more exposed sites, using 
the most xcric species and the most suitable planting techniques for 
such lands. Mountain meadows and deserted dry farms, as in the 
Great Plains region, have been reseeded most successfully. 

Reseeding costs and long-time returns of resulting forage have been 
recorded on only a relatis ely few localities in the West. Few reseeded 



251 


ESTABLISHMENT OF IRRIGATED PASTURES 

cent of the total cash and labor cost is for water and irrigation labor. 
The cost of water is highest where it is pumped. 

Selection of Species and Time of Seeding 
A forage mixture of grasses and legumes, preferably cornposed of 
4 to 6 species, gives the best results. Where water is available for 
only part of the season, or where irrigation intervals must be far apart. 



droucht-enduring species should be used. Where adequate iiater is 
avaihhic forage species nith different seasonal growth periods sliould 
he selected to prolong the succulent feed period. 

Hamilton and associates {21) bate recommended seed mixtures for 
different sites in each of the fit c climatic regions of the West (Fig. 53), 
as listed in Table 13. Information on additional seed mmures can 
be obtained from the local county agent and other agricultural agciwics. 

Time of seeding is esscntiillt the tame at for the and range. On a 
well-prepared teedbed. and with atturance of ample moittiire, late 
tiimmcr or carls fall teeding has tonic advantages otcr tpring seeding. 


,50 RESriOlNO RANGI S X-.!. FiTi ABI IS.UNG 1-ASTURI^ 

„„ps can son,et,n,e. be profieabK 

Dtabbshmcnt IS also often warranted on comparamcl> fc 

land St here stater is asaihble at reasonable cost 
LvM) C\PMMIIT\ AsPFCT 

The most suitable acreage of .mga.ed pore auU defend onjb= 
number of livestock handled, the suitable 

and the area of land that can be f '^"jealthose 

for irrigated pastures var> from level h.ghlv product 
capible of growing all localU adapted crops ojded whereas 

occasinnalU he cnltnatcd Steep slopes should 
gentlv sloping areas are emmentlv satisfaetorv , P™ ^ 
fairl> deep and capable of fair water retention Sods of lo 
holding capacitv require too frequent irrigations to make th p 
profitable (2/, 2J, 26) 

Mftiiods of lRR!r\Tiso 

The purpose of irrigation is to moisten tlic soil root zone 
the sod IS eisdv eroded, water must be applied with care u 

forage stand is established . c n,. !w the sod 

The method of irrigation adopted is determined ‘=‘'’''’',' ',,13. 
type, presence of stones or outcrop, slope of the land, and tne 
bditv of water Smooth to slightl) rolling lands are co"''™'"' ', 
laid out for “strip check’ or ‘border" irrigation (26) similar t 

used on alfalfa fields (Pig 56) 1 Viehng 

Where the presence of rocks or cNccssixe slope precludes 
of the land for strip or border irngation, controlled flooding 
advisable To a\oid dcstructnc erosion, a ditch of moderate g 
should conduct the water to the higher level of the field from 

It IS released , 

Spnnkhng is the most efficient method or pasture irrigation, 
initial cost limits its use Sprinkling is espcciall) rccommen ea 
rolling lands and on sods of low water holding capacit>, such as t- ^ 
«indv loams It is also a suitable method where the water supp> 
limiting or the soil is too shallow to be levelled for border j 

Regardless of the method of irrigation, the amount of , 

the frcQUcncv of its application vat) according to the climate, 
fnd co?er Idost pastures need about 2 acre tnehes Pcc 
the destred interval between .rngafons ranges from 7 to 
sand, sotb requue more 

’S" wat2 and°r .mure .be cover Usually more than 50 pet 
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TABLE \Z — Continued 


Intermountam Area (III) 

pQundi per Acre 

Well-drained soil 
Smooth brome 
Orchard grass 
Tall fescue 

Ladino or white clover 
Red clover 
Total 

Poorly drained soil, moder- 
ately alkaline or non- 
alkaline 
Smooth brome 
Tall fescue 
Strawberry clover 
Total 

Areas where irrigauon water 
is not plentiful 
Smooth brome 
Crested wheatgrass 
Alfalfa 
Total 


Central Valleys of California 
and Southwest Areas (I/f and IV) 

Pounds per Acre 


Well-drained soil: 

Perennial ryegrass 2 

Dallis grass 4 

Orchard grass 4 

Ladino clover 2 

Alfalfa _3 

Total 15 

Poorly drained, moderately 
alkaline or nonalka- 
line soil 

Dnihs grass 4 

Rhodes grass 6 

Strawberry clover 3 

Sweetclover _2^ 

Total 15 


6 

4 

G 

1 

_3 

21 


6 

6 

2 

IS 


6 

4 

J 

15 


Great Phms Area (NO 

Alfalfa 4 

Smooth brome H 

Total 1® 


left ungrazed during the late fall and tinier- The accumulated growtli 
protects the cover in the winter and induces early vigorous spring 
pasturage. 

BlO\T 0)NTItOL 

Bloat among cattle and slicep is often troublesome where legumes, 
piriicularlv alfalfa, constitute a large part of the stand. Tlic cover 
should consist chiefly of grass, with alfalfa or other legumes composing 
not more than about 30 percent of the stand. It is good practice to 
ha\c hay nr straw asailablc to animals that arc grazing upon pasture 
composed largcl) of legumes. Where bloat is serious, pastures con- 
taining chieflv Icuunics should be allowed to rcacit a fairly adsanced 
growth stage before admitting the stock. Bloated animals can some- 
times be sa\cd by treating with some antifennent. such as '/. ounce 
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Drilling in the seed is preferable to broadcasting, just as on the open 
range ^^hc^e the seed is bniadcast the soil should be packed ssith 
a roller before and after scattenng 

Managing InmruiD Pastuhf^ 

Careful management is requisite to imintainmg desirable plant compo- 
sition Pastures seeded m Mitnincr or fall should not be grazed until 
the following summer and spring seeded areas not until autumn 
Grazing should be moderate at all tunes, and stock should be kept 
off when the soil is wet Where an excess of forage is produced it 
mas be mowed at least once a season 
Rotation graping is essential It pros ides short rest periods and 
tends to maintain high plant vigor and maviniuni vicld Tlic ideal 
practice is to divide the pasture into three or four paddocks so the 
animals maj be rotated from one unit to the other as the surface 
soil becomes firm after irrigation and the forage growth advances 
Seasonal resting of imgatcd pastures is beneficial The pasture is 

TABl E t3 

Seed Mixtcees toe Five Cuuatic Utciov* or tHt West 

Southern Paofic Coast Area (W 

PoinJsperAa^ 

WelWra ned soil 
Perennial rjegrass 
Orchard gnss 
Tall fescue 
I^dino clover 
Total 

Poorly drained soi! ntoder 
ately alkil nc or 
nonalUaline 
Centra] California 
Italian ryegrass 
Tall fescue 
Aliike dover 
W hue clover 
Total 

Southern California 
Dallis grass 
Rhodes grass 
Strawberry clover 
Sweetclover 
Total 


_2 

12 


Northern Paofic Coast Area (IB) 

PounJs prr/ItTt 


Well-drained soil 

Perennial ry^rass 2 

Orchard grass 4 

Tall fescue 6 

Lading clover 3 

Red clover 3 

Total 18 

Poorly drained, heavy tea 
tured soii 

Tall fescue or 8 

Meadow foxtail 6 

Lad no clover 3 

Total Pot II 
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preferable. When they are once started on a legume pasture, it is 
better to keep the animals there day and night rather than removing 
them at night (2S). 

Artificial Reseeding of Eastern Farm-Pasture Province 
The more strictly farm-pasture province, lying slightly east of the 
100th meridian, is divided into two climatic units: the East Central and 
Northeast region, and the Southeastern region (Fig. 53, \T and VII). 

VI. East Central and Northeastern Region. The northern and 
eastern portion of this region lies mainly in the Humid Transition life 
zone, whereas the central portion is in the Upper Sonoran zone. The 
original vegetation of most of the region has been replaced by intro- 
duced forage plants. Maximum productivity of the perennial pas- 
tures depends chiefly on three factors: season of use, application of 
fertilizers, and adaptability of species to different sites (^, 48). Too 
early spring grazing weakens palatable forage and induces weediness. 
Top dressings of limestone in the heavier precipitation areas and 
applications of phosphorus over extensive units sharply increase the 
forage yield and extend the life of pasture in this region. Cultural 
practices with sodbound grass, such as disking or harrowing, have given 
disappointing results. 

Despite the care given, pastures in this region must be replowed and 
reseeded every few years. The success of this undertaking is much 
influenced by the way tlie seedbed is prepared. On the stronger sites, 
plowing, harrowing, fertilizing (where needed), and rolling before 
seeding give best results. Spring or early summer seeding is generally 
recommended. 

The species used for seeding are mainly of European origin. Semple 
and associates {48) recommend seed mixtures according to quality of 
sire, as shown in Table H. 

In the northern part of this section, Korean Icspcdcza should be used; 
in the southern part, common, kobc, or Tennessee 76 are best. Kobe 
and Tennessee 76 arc usually more productive than common, but good 
results arc obtained from a mixture of common and Korean in Tennes- 
see and North Carolina. 

For erosion control and soil building in this general region, tJic 
following species have been used most; 

Cnnacla blucprass Sheep fescue 

Kentucky hlucprass Smootlj hronie 

Orchard grass Sudan grass 

Kccd canar> \V!iitc chner 

Rcdto[i 
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of formalin or I ounce of rurpentme m a drench Mi\ formalin with 
nater and rurpentme ujth mill* In se\ere ca5es, puncture the dis- 
tended stomach with knife or trocar Doctoring bloated animals. 
howe\er is an unsatisfacton proposmon, and pre\cntion is alwa\s 
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handled crop, has had at his disposal merely the original wild forage 
plants and a few introduced domesticated species. Pasture plant 
breeding in North America was started not many years ago and only 
on a small scale but is now receiving much deserved attention from 
both Federal and state agencies (20). 

Improvement in plants is accomplished in two ways: (1) through 
selection of desirable forms that occur in nature, or (2) from hybridi- 
zation to secure new combinations from which selections may be 
made. 


Selection 

Breeding of plants by selection perpetuates, through conscious choice 
by man, one or more desirable characters encountered in a mixed 
population. It is the oldest and most widely employed method of 
plant improvement, and it helped develop most of our field, garden, 
and orchard crops as well as our animal breeds. Selection has resulted, 
among other things, in obtaining greater size, yield, adaptability, and 
hardiness of many plants and animals. 

In working with native plants it is important to recognize the selective 
effect of the environment. In each climatically diverse environment 
there exist races of plants that are peculiarly well fitted to survive. 
These climatic races are now receiving some recognition in artificial 
reseeding studies. The fitness of the so-called ecotj'pes and ecospecies® 
to meet the conditions of the environment is largely a matter of geneti- 
cally determined physiological processes. The physiological require- 
ments for successful maintenance of a plane in a given habitat are many 
and fairly exacting. Small differences, for example, in the average 
seasonal temperature or in the frost-free growing season may result 
in appreciable shift in the genetic composition of a natural plant popu- 
lation. 

Under cultivation it has been possible to preserve the more desirable 
plant characters mcrclv’’ by selecting and planting the most suitable 
individuals. Selection of various domesticated pasture and hay plants 
for use on restricted meadows has also giv’cn good results (7^). 
Because of the mixed plant population on natural open range, selec- 
tion has not been effective because of the difficulty of maintaining 
the improved forms. Under such conditions hybridiz-ition seems more 
hopeful of permanent stand improvement. 

* An ccotj’pc Ls a subspecific plant unit composed of jtcncticallj' distinct races, 
svhose population has become adapted to a rclativcl)' restricted habitat. An eco- 
specics is a plant unit composed of one or more ecotypes, and which generally 
corresponds to a species in a tatonotnic sense. 
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VII Southeastern Region Lnits // ind of Region \’II (Tjg 53)f 
treated togetiicr, differ m that unit B is frost-free uhercas unit A is 
not Se\cra! species arc grown succcssfulls m both units, but in V 
stnctU tropical forage plants do best 
The most critical period for livestock grazing is in the winter when 
the native grass of forest and glade is of low quahtv (f) The forest 
ranges for spnng and summer grazing altcmatcd with pasture cf 
domesticated forage plants m fall and winter provide fairl> satisfactorv 
yearlong feed 

Both temporarv and pennanem artificiallv seeded pastures arc used 
in both units for winter feed Tlic temporarv pastures arc seeded to 
various cereal grains and such legumes as enmson clover, vetch, Ics- 
pedezas, and velvet bean {59) 

Over much of the South the more pemnnent pastures are commonh 
seeded to mixtures such as those in Table 15 {4S) 


TABLF 15 

SPECits RecoMMtxoto rot Sttoivc n* SoerHcAJitits Recioh 


On Moist, Sandy 

PounJi 

On Clay, 1/oam 

Piurdi 

Soils 

ftrAcrt 

or Silt Soils 

per/fert 

Carpet grass 

5-6 

Bermuda grass* 

5-6 

DtlUs grass 


DalEis grasi 

3-^ 

Lespedeza 

12-15 

Ijrspedeza 

10-12 

Total 

20-25 

Total 

18-22 


• Bennuda grass is usually scarred by setting out p eces of sod 


In the extreme frost free southern part of unit B, such tropical spe 
cics as Bahia, Guinea, molasses Napier or elephant grass para, and 
St Augustine grasses are popular, espcciallv on the mulch soils 
For erosion control and soil building, the following species are 
recommended 


Alfalfa 

Annual Icspedczas 
Bermuda grass 
Broomsedge 
Carpet grass 
Centipede grass 


Oallis grass 
Hop closer 
Johnson grass 
Kudzu 

Lerpedeza fences 
Velitrt bean 


Spring seeding on a well prepared seedbed gives the best results 


Improvement of Forage Plants for Reseeding 
Unlike growers of fruits or cereals, who have long cn)o>ed the 
benefits of improved vaneties, the grazier, with his less intcnsiveK 
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Annual lespedez-^s {Lespedeza spp ) 

Arizona fescue (Feswea arizontca) 

Astoria bentgrass (Agrostis te 7 ims var astoria?2a) 
Australian saltbush (Atnplev sciutbaccata) 

Bahia grass {Pasp^Iu1n notattmi) 

Bearded wheatgrass {Agropvron canmwu) 
Beardless wild-rje {Elyvius trtucotdes) 

Bermuda grass (^Cyiiodon dactylon) 

Big bluegrass {Poa aiuph) 

Big bluestem (Avdropogon girardt) 

Big mountain brome (liroitnts viaTginatus) 
Birdsfoot trefoil (Lotus comiculatus) 

Black grama (Bouteloua ertopoda) 

Blowout grass (Red^eldta flexiiosa) 

Blue grama (Bouteloua gracilis) 

Blue ild-r) e (Elytnus glaucus) 

Bluebunch wheatgrass (Agropyron sptcatwn) 
Bluestem (Andropogon spp ) 

Bluestem wheatgrass (Agropyron sutithn) 

Boer lovegrass (Eragrostts chlorovielas) 
Broomsedge (Andropogon vtrgmtcus) 

Buffalo grass (Buchloe dactyloides) 

Bulbous bluegrass (Poa bulbosa) 

Bur clover (Medicago hispida) 

Burnet (Sangutsorba tumor) 

Bush muhly (Muhleiibergia portert) 

Cacti (Opuntia spp ) 

California brome (Brouius carmatus) 

Califorma oatgrass (Danthonia calif omtea) 
Canada bluegrass (Poa coiupressa) 

Canada wild-rye (Elyvius canadensis) 

Carpet grass (Axonopus conipressus) 

Centipede grass (Ereviochloa ophiuroides) 
Cereal rje (Secale cereale) 

Chamiza (Atriplex canescens) 

Chewings fescue (Festuca rubra) 

Cholla (Opuntta spp ) 

Common lespedeza (Lespedeza striata) 
Creeping bent (Agrostis palustris) 

Crested wheatgrass (Agropyron ertstatzmt) 
Crimson clo\er (Trifoliuni incammn) 

Curl) mesquite (Htlarta belangen) 

Dallis grass (Paspalwn dtlatatwu) 

Desert willow (Cbilopsts hnearis) 

Elephant grass (Pennisetwn purpurewn) 
Filaree (Erodiwii spp ) 
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£ nRIDI7 \TU>S 

The union of opposing sexes each of a difTcrcnt Mnct>, species, 
or genus constitutes hvbridi/ation The rcsuhmg offspring inherit 
traits of both parents Descendents of tiic cross arc selected to pro 
duce a uniform t\ pe, that is a comhinacion of the most desirable 
parental features Standard procedure in hsbndizacion and selection 
appears to offer good possibilities of improving range grasses and other 
organisms though not without some difficulties 

Fertilin ofluhnclsnnv \ar) from a high percentage, when closcb 
related races are used, to total stcniitv when remote species arc crossed 
This behavior ma> be explained on the basis of chromosomal incom 
patabilit) In some eases the somatic chromosome complement (com 
plcte set of chromosomes earned !») each bodv cell) has been doubled 
b> the use of colchicine*' and other chemicals, resulting in complctcl) 
fertile polyploid forms termed amphidiploids To date, however, fe" 
of these have had anv practical value Some cultivated plants have 
been increased m sire, vigor, and otherwise as a result of increase in 
the number of chromosomes contained m the cell nucleus The pos 
sibiht> of obtaining true breeding strains of range grasses through 
doubling or twice doubling of the chromosomes of segregating hvbrids 
IS largclv unexplored 

The outlook for improvement of range grasses seems promising 
Clearer understanding of the genetics of size, growth, and form of the 
organumand its parts should point the wav to a more effective approach 
to range forage improv ement (2) 

Pi ANTS MrsTiosro tor Rfsfedjng 
Alfalfa (Medicago satna} 

Alhlana {Eroditiift spp) 

Alkali dropsecd 1 , , 

AHaU sacaton j 

Alsikc clover {Tnfolntm hybridia$i) 

Alta fescue (Festuca anmdinacea) 

«Colchiane ts a toxic alkaloid c^tained from the bulb of Colcbiexmi atinerfmale 
Jr has the remarkable propcn> of cJiangingr chromosome distnbution m the cc 
nuclei of plants to produce new \aneucs TTic use of colchicine m genetic or 
cvtological studies is still in the expcnmental stage with results unpredictable 
The drug is effectite onl> m the growing region of the plant hence an aqueo^ 
solution is most commonI> applied to seeds seedlings expanding buds or bo 
scales Other treatments or manipuhnons of plant pans that react more or less 
like colchicine are indole but>nc acid * ray and exposure to heat and cold 
t SpoTobolus aiToides is known as alkali dropsced m some localities and as a! * 
sacaton m others 
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Rhodesgrass {Chlorts gayau^t) 

Rose clover {TnfoUwii birtwii) 

Rothrock grama {Douteloua rothrocktt) 

R) egrasses {Loltiivi spp ) 

Sacaton (Sporobolm wnghtn) 

St Augustine grass {Stenotaphrwn sectnidatwn') 
Saltbush (^«np/^v spp ) 

Sand bluestem {Avdropogon halhi) 

Sand dropseed {Sporobolus cryptandrus) 

Sand lovegrass (Eriigrof^r trtchodes) 

Sandberg bluegrass (Poa secttnda) 

Seaside bent (Agrostis palmtris) 

Sheep fescue {Fesuica ovvna) 

Slender wheatgrass {Agropyron tTacbycaulum) 

Smilo {Oryzopsis miltacea) 

Smooth brome (Provius inernns) 

Soft chess {Brovim violhs) 

Stiff-hair wheatgrass (Agropyron trtebopborum) 
Strawberry clover (TrdoUum kragtierwn) 

Streambank wheatgrass (Agropyron npanum) 
Subterranean clover (Trtfoliwn snbterraneuvi) 

Sudan grass (Sorghuin sudanense) 

Svveetclover (Mehlottn spp ) 

Svvitchgrass (Pavicwn vtrgatmn) 

Tall (alta) fescue (Festuca anmdmacea) 

Tall meadow oatgrass (Arrhenathennn elaum) 
Tanglehead (Heteropogon contorttis) 

Tennessee 76 (var of common lespede/a, L ittpulacea) 
Texas bluegrass (Poa araclmtfera) 

Thickspike wheatgrass (Agropyron dasystachvwn) 
Timothy (Pbletnn pratense) 

Tobosa (Htlana vintica) 

Velvet bean (Sttzolobiwi vpp ) 

Velvet grass (Holcuf lanati) 

Vetch (Victa spp ) 

Violet wheatgrass (Agropyron paitctflortan) 
Vine-mesquite (Pa7iicum obtimim) 

Weeping lovegrass (Eragrostts curvttla) 

Western wheatgrass (Agropyron snutbti) 

White clover (Tn^oUnvi repens') 

VNTme svveetclover (MeUlotns alba) 

Wild oats (Avena spp ) 

Wimmera ryegrass (LoUum rigidmn vat strictu?n) 
Winterfat (Eurotia lanata) 

Yellow svveetclover (MemotuS officmala) 
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Flat pea (/ athynis syhtsms \ar uagnen) 

Foothill needlcgras'i {Sttpa lepida) 

Four\Mng saltbush ( 4trjp/ex canescens) 

Galleca (Hi/aru 

Grecnleaf rescue (Festuca tinduh) 

Guinea grass (Paipa/Hwr viaxmitan) 

Hairs grama {Uouteloua birsuta) 

Harding grass {Phalaris ttiberosa sar stenoptera) 
Highland bentgrass (/dgrostis tenuitxac ) 

Hop closer (Tr«/o/»mr procwnbeiis) 

Idaho fescue {Fesuica idahoenui) 

Indian ncegrass {Oryzopsu hymenoides) 

Intermediate wheatgrass {Agropyron tntennedium) 
Italian rjegrass (Lolnmi tMuUiflontin) 

Johnson grass {Sorghtnu kalepeme) 
junegrass (Koe/errJ enstata) 

Kcntucks hluegrass (Foa praientts) 

Kikusu (Pemisetum cUndcftmwn) 

King ranch bluestem (^Andropogon ttchaeimm) 

Kobe lespcdeza (\ar of common lespcdcza,/-.tfrMfj) 
Korean lespedeta {Letpedeza suptthcea) 

Kudzu {Fueram tbiinbergiana) 

■Ladak alfalfa (Af?<ircago/am« x Af ^atcata) 

Ladino closer {Triiolnm repens) 

Lehmann (mat) losegtass (ETagroitu fefjinmmana) 
Lespedeaa {Lespedeza spp ) 

Little bluestem (Andropogon scoparius) 

Meadoss foxtail (Alopecums praiensis) 

Mesa dropseed (Sporobolus flexuosns) 

Mat losegrass {Eragroslis iebtnamuana} 

Molasses grass {Melmis jnmutiftora) 

Mountain brome {Brcnirus carmatus) 

Napier grass {Fenmsetwn purparewii) 

Needlc-and thread {Siipa comata) 

Needlegrass {Stipa spp ) 

Orchard grass (Dactyhs gJoi/ierata) 

Para grass (Funtcwn purpurascens) 

Perennial rj egrass {Lolnms pererme) 

Pubescent ssheatgrass {Agropyron trtebophorum) 
Purple needlegrass {Sttpa puiebra) 

Purple top {Tnodia plaia) 

Quackgrass (Agropyron repent) 

Red closer {TrAolnnn pratense) 

Redtop (v^gTOttii alba) 

Reed canars’ (Phahrss arzmdmacea) 
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Chapter 12 


NATURAL RESEEDING AND 
SYSTEMS OF GRAZING ON 
WESTERN RANGES 


Where most of the native forage crop has been destroyed in the open 
range country, artificial reseeding provides the only expeditious means 
of revegetation. But, fortunately, over the greater part of the western 
range region depletion has not been carried to a point where all the 
better forage plants have been destroyed. These tracts can be so 
handled as to bring about effective natural revegetation. 

General Considerations 

Natural revegetation (reseeding) is the restoration of depleted 
ranges by manipulating the grazing season in a way that will favor 
reproduction of the remaining desirable native or naturalized forage 
species. It can be done on all ranges where a sufficient cover of the 
better forage plants remains to produce adequate seed for revegetation 
under favorable grazing practices. 

On large-scale operations natural reseeding with an adapted plant 
cover is less expensive and often more effective than artificial planting. 
Accordingly, artificial planting should not be undertaken where natural 
reseeding is practicable. Forsling and Dayton (.P) concluded: 

Where there is already a fair stand of palatable and nutritious natural 
vegetation it will not pay to attempt plant introduction. E\en where the 
natural vegetation has been badly depleted, but a few seed plants remain, 
it IS usually more economical to increase the forage by so handling the 
range that it will improve naturally. 

The chief causes of depletion of the forage cover (Fig. 57) are 
too early spring grazing and overly close cropping during the normal 
grazing period. Continuous, early spring grazing results in depletion al- 
most directly proportional to the intensity of the pasturing; but a single 
cropping at that season is not necessarily harmful {14, IS). WJicrc 
tlic grazing animals arc licid on the spring range until the summer 
265 
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were sent up and more viable seed Avas produced than on adjacent 
range that was grazed early and repeatedly. The vigor of the vegeta- 
tion is a vital factor in determining the time of seed maturity, the 
size of the seed crop, and its viability. 

The seeds of most forage plants are dropped soon after they mature. 
Grazing at this time is especially desirable, since little of the seed crop 
is available for livestock and trampling by the animals results in satis- 
factory planting. Since grazing is the sole controllable factor, an area 
that is being revegetated should be utilized with minimum injury to 
plant cover and litter (11). 

Revegetation Under Different Grazing Systems and Practices 
Not all of the various grazing practices of the West favor natural 
revegetadon. The six more common range-management practices are: 
yearlong (season-long) grazing, yearlong protection from grazing; the 
Hohenheim system, the deferred-grazing system; the rotation-grazing 
system; and the deferred-rotation system. 

Yemu.ong (Season-Lono) Grazing 

The practice of maintaining the animals on the same pasture through- 
out the season or year is ratlier common. The pasturage gets rest 
from the grazing strain only insofar as the livestock may keep but a 
portion of the forage continuously grazed down. In early spring the 
forage of the entire area may be kept closely cropped. As tlic rapid 
summer growth cycle approaches, the animals arc unable to graze all 
the forage; they consume tlic more p.ilatab!c species, usually leaving 
those of lower or no forage value to reseed. In the autumn the more 
accessible areas arc often devoid of good forage, for the animals tend 
to leave only inaccessible, inferior portions of the range u'itli usable 
growth. Yearlong use of a pasture, with little or no effort to guide 
the stock to the areas most suitable for grazing as the season advances, 
IS the cause of serious r.ingc deterioration (/, IS). Indeed, even when 
a depleted area is grazed lightly throughout the growing season, prac- 
tically all the better forage plants arc usually cropped too closely to 
tcg.'iin full vigor (S). Unlc.ss a unit is so conservatively stocked as to 
leave a goodly portion of seed stalks uncropped, yearlong or season- 
long grazing will not result in revegetating depleted areas. 

YrMUoNG pRorrcTioN 

Since ranges nuy suffer from season-long use, it might be assumed 
that depleted areas axouM benefit most by complete protection from 
grazing during the growing season. This is not alw-ays true. Peren- 
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lestoring most western ranges It is broadly applicable and inex- 
pensire (Fig. 58). Although originally and specifically applied and 
adapted to perennial bunchgrass ranges of the high mountains, the 
principles, through the application of semideferred grazing, may also 



Tjo SS Deferred pn^intr on a bunchjrrtw nince Jn eawm Oregon. Left, area 
\\hcrc deferred gnzmg his been pncrictd has rcsulrcd in good rcvcgetation of 
all species, nsht, area clnscl) geared and dechnmg in forage production. 


be used on a combination of annua! and pcrcnniil vegetation and on 
the more strictly annual-plant cover, such as the “winter-annual” ranges 
of Califomh. 

On Perennial Mountain Bunchgrass Ranga. Since the deferred 
grazing s>stcm r.ikcs into account the growth and sccd-produdng rc- 
iiuircmcnts of the \cgcrarion, it gives the palawblc plants pracricall}’ as 
good a chance to reproduce as the unpalatable forms The mature 
forage is consumed well on most dtferred-grazed perennial bunchgrass 
mrcs, the scmicurcd \cgct3cion may be c.\pcctcd to maintain the 
animals in fair to good flesh. 
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nial bunchgrasses and sodfonncrs become more \igorous and increase 
m \egetati\e growth under season long protection, but relam eh few 
seedlings ma\ become established without Incstock to trample the seed 
into the ground Species that do increase, such as filaree (Erodium), 
needlegrass (Sfipa), and three awns (Anstida), are chiefl\ those whose 
h\ groscopic aw ns result in planting of the seed Seeds ha\ ing short 
awns or species with large, awnicss seeds are bUeU not to get planted 
Moreoser, the loss of one or more seasons of forage growth dunng 
the total rest period is wasteful Also, the accumulation of inflam- 
mable dr\ grass mas constitute a serious fire menace Protected plots 
base shown that weeds soon replace the matted accumulation of grass, 
thus defeating the purpose of total exclusion of stock Howcier, par 
nal seasonal rest is highh beneficial on most natural ranges and rame 
pastures but will not alwaxs result in establishment of new plants bv 
TKeeding 

Hohemieim Grazi\c System 

This sxstem of pasture management is the most intcnsite of modem 
pasture practices and is especialh adapted to irrigated and tame pas 
cures (2/) It onginated near Stuttgart, m western Germanv, about 
1918, when there was a shortage of concentrates and munition plants 
were comerted to production of cheap nitrate fertilizers The system 
aims at suppbmg a luxuriant growth of grass nch m protein 
Nitrare dressings are heavih applied to the pasture lands The pas- 
ture IS fenced into several units and the animals remain onh long 
enough in an\ one unit to graze the forage Jighth When the stockcr 
animals are remov ed, the remaining forage is mow cd, and another 
dressing of nitrate fertilizer is supplied 
The Hohenhcim s\ stem is more suited to w estem Europe than to the 
United States But the plan has been partialK adapted in irrigated 
sections, as on Ladino clover areas in California Its success depends 
upon maximum production of the existing plant cover and is not 
designed to reregetate depleted areas, which it docs not accomplish 

Dfferred-Grazinc Svstem 

This svstem consists of reserving pan of the range area unol aft^ 
seed matuTxty The acreage reserved must be large enough to carrv all 
the ammals from the time of seed macuntv of the pnmarv forage species 
to the end of the normal grazing season {14) Deferred grazing 
prov ides for rev egeudng one umt of a range allotment at a time uncd 
the entire area has been reseeded TTic technique of rev egetaong the 
lands without lo« of forage makes this the most practicable method of 
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The period of growth and of heavy precipitation is July, August, and 
September. Onlv during that period are the less valuable three-awn 
grasses {Aristidil spp.) and dropseeds (Sporobolm spp.) palatable. 


DtrtRRLD Grazing 
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Fig. 59. Schematic sketch showing procedure, >ear by year, of deferred graz- 
ing leading to ultimate revcgetation of an area as a ^holc. 


whereas black grama retains its palatability and nutrition during the 
entire year. Accordingly, a grazing plan is desirable that will result in 
only light grazing of the black grama during the critical growing 
period ^\hile permitting utilization of those species that are valuable 
only in the summer. The semideferred-grazing system provides for 
light utilization during the summer, partially reserving the black grama 
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The acreage required for deferred grazing can be readil) calculated 
Suppose that on an area of 1000 acres, the opening date of the grazing 
season is May I the dace of seed maturity September 1, and the closing 
date of the grazing season October 15 The length of the grazing 
season (from May 1 to October 15) is 165 days, and the number of 
da\s from seed maturity to the end of the grazing season (September 1 
to October 15) is45 days Then4S/165 X 100 =* 27 27 percent, hich 
IS the percentage of the area to be deferred Therefore, 272 7 acres 
(1000 X 27 27 = 272 7) are not grazed until after seed maturity for 
2 \ears m succession, and then another area is deferred for 2 years 
This practice is continued until the entire 1000 acres have been reseeded 
In addition to protecting the forage on the deferred*grazed area 
during Its full gro\\th cycle, ample livestock water must be available, 
since the forage is relatively dry when utilized Deferred grazing on 
unfenced cattle ranges can be accomplished, m part at least, bv judicious 
salting, cross fencing, and water development The correct date for 
the opening of grazing season must be determined, the proper grazing 
capacity must be established, and local overgrazing should be corrected 
to the greatest extent possible In mountain country, differences in 
forage growth at the various elevations is taken care of by delaving the 
grazing until the vegetation m each zone is properly developed 
Figure 59 show s how deferred grazing may be applied on a range area 
that IS divnded into three subunits A, B, and C In this example, 
subunit A IS deferred grazed first for 2 vears m succession, subunit B 
IS grazed bv deferment in the third and fourth years, and subunit C 
m the fifth and sixth y ears Grazing earlv in the season for 2 y ears m 
succession, such as indicated for subunit C m the second and third y ears 
or subunit A m the fourth and fifth vears, can usually be avoided by 
observing the extent of revegctation of the other two subunits and 
shifting the stock accordmglv However, the importance of deferring 
the grazing for 2 successive vears and of protecting the seedlings on 
the deferred grazed unit bv moderatclv late cropping in the third vear 
must nor be ov erlooked 

On perennial mountain bunchgrass ranges, in particular, deferred 
grazing or some form of rotational cropping has prov ed v irtually es 
sential to their rev egetation and maintenance 

On Mixed Annual and Perennial Range In the Southwest where 
black grama predominates but where there are also abundant annual 
grasses, a so called semideferred grazing plan has been successful!' 
used m conserving and increasing the valuable black grama (Boutelom 
ertopoda) Ac the same nme this plan procures seasonal use of the 
early matunng annual grasses and minimizes the effects of drought (5) 
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Although this assumption seems to hold in some localities or vegenl 
co\ers, It Tna> not n others (72, 21) 

Deferred Rotation System 

It IS difficult to visualize the adoption of either a deferred- or a 
rotation grazing system that does not to some extent invoh e the em 
plo>ment of both of these That is wh> the combination term 
deferred rotation is commonK used ‘ Deferred and “rotation” 
grazing a\ ill not be confused if one keeps m mind that deferred pro\ ides 
for delaMng the grazing until after seed maturity, whereas rotation is 
applied without specific protision for seed production 
Most rotation grazing s\ stems as practiced on the western range arc, 
m effect, deferred rotation s\ stems, m which the ptimary forage species 
have good conditions for setting seed and getting it planted on one 
subunit each season On cattle range deferred rotation grazing is 
carried out b) dividing the area into appropnate subunits b\ fencing or 
taking adtanrage of natural boundaries, on open sheep range it is 
accomplished b> herding so as to rotate the grazing from one subunit to 
another 

Where deferred rotation grazing is practiced, the larger number of 
animals necessanlv placed on each subunit periodicallv results m fairl> 
close and uniform grazing due to the reduced size of the area and the 
relatne closeness to water and salt It follows that under this s\stem 
better livestock distribution is assured than under a continuous gnzing 
s> stem, w Inch in\ olves a correspondingly larger acreage If the stock 
mg rate of the rotation grazed subunits is correct, proper utilization is 
also more hi civ , and improv ement m the cov er of the more depleted 
portions niav be expected In the Pacific Northwest Frandsen (20) 
reported tliat deferred rotation grazing has giv cn highly satisfactory 
results in reseeding and mamiaming the cover In this region of 
winter rainfall prevention of range deterioration is difficult under 
season lorn; grazing practice 

Studies reported bv Black and Clark (•f) m western South Dakota 
showed no appreciable change m the vegetation on the conrmuoush 
versus altcmarch grazed pastures after 4 \cars Under both sv stems 
the stocking rate was moderate, and the alternate pastures were grazed 
2S dav s and rested for a similar period Also, there w as no significant 
difference m cattle w eights from these grazing sv stems On the other 
liand, Sarvis (/P), and Clarke, Tisdale and Skoglund (7) reported 
that wlicrc crazing was rotated the vegetation was improved over that 
on the contmiiousl) grazed pastures, hovicvcr, rlic weights of the cattle 
or w cancr calv cs v\ cre sonicw hat greater on tlic conserv ativ cU stocked 
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for later use Thus the annual grasses arc not wasted, and the black 
grama is nor cropped cxcessuelv during the cntical period of growth, 
hence stands that arc thinning out nn\ cfTecincIv be rcvcgctatcd if the 
range is not oscrstockcd 

On “Winter-Annual” Range UTicrc deferred or semidcferrcd graz- 
ing IS applied to ranges of winter growth, such as in California, special 
seasonal uses and semiprmcctuc intcrxals nu\ be adopted (2) The 
aim IS chieflv to increase seed production Most annual forage plants 
produce abundant seed cten when grazed for scicral weeks earlv m 
the spnng 

On the foothills of California, for example, seed is produced w here the 
spnng gracing continues up to about March 15 When the deferred 
grazing plan js applied, the pasture is duidcd into some three 
units {J6) The unit first to be deferred is grazed up to the penod 
of most actii e grow th, the animals being remov ed from about March 15 
to June 1 To trample the ncwl\ formed seed into the ground and to 
utilize the forage growth this area alone is grazed from June I until 
about JuU 15, depending on the condition of stock and forage After 
such pasturing, the animals are allowed to graze the entire pasture 
Deficiencies m the forage arc met bv supplements fed during the fall 
and winter Then a second area is selected for defennenr, and the 
grazing procedure is repeated until die entire range is reiegetated 
Deferred grazing is less popubr on ranges of annual growth than on 
those of perennial segetaiton because the resulting denser stand of tall 
grasses tends to crow d out the shorter filarec and bur-clo\ cr Where 
the deferred pasture unit is propcrlv utilized after seed matunt> , « *5 
doubtful that the population of broad-]ea\ ed herbs declines percepabh 

Rotation Grazing Svstfm 

This technique, also called alternate grazing, consists of transfernng 
the IwestocL s% stematicallv at suiuble mterxals dunng the growing 
season to different subunits of the range area and back to the first 
subunit 'unthout specific pro,.isioii for seed production The aims are 
(1) to as Old cropping the same subunit carh m the spnng Near after 
year, and (2) to maintain the forage coier oxer the entire range area m 
the highest possible \igor, with little or no decrease m animal pro- 
duction (J7) 

An> range unit or fenced pasture tliat has merel> been duided into 
two subdnisions with a xicw to improxmg forage Mgor is proper!' 
spoken of as rotation or alternate grazing The s>stem assumes that 
mtemiittent rest from grazing is beneficial to the forage coxer, even 
though It must support more stock during the shorter grazing period 
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continuous!) grazed pastures These \^o^kcrs suggested that the 
beneficial effects of deferred rotatjon grazing arc more evident m the 
rcstontion of overgrazed pastures than on ranges m a liigh state of 
products it\ 

In the southern Great Plains station at Woodland, Oklahoma Savage 
Brown and McIIvam (20) found that deferred rotation grazing gave 
higher livestock winter gams but lower summer and vcarlong gams 
They concluded that grazing deferment is a desirable practice if it 
does not result in cyccssne grazing of one or more of the subunits 
In the sw ircli cane pastures of North Carolina Bisw ell and F osrer (5) 
found no advantages from rotation grazing over continuous grazing 
Tlic ultimate objective of an\ grazing svstem should be to provide 
maximum high qualirv animal products per unit area on a long time 
basis consistent with perpetuating the forage resource The svstem 
that meets this objective should be cmploved whether it I)c moderate, 
continuous grazing deferred cropping or some form of deferred rota 
non gnzing Range operators should adopt a grazing plan that is 
suitable to their panicular conditions I or assistance in this che> 
should consult the local counts agent or Federal range representatives 

COLTIVVTlON OF RvNCE 

Natural reseeding can be assisted bv various means of cultivating the 
range The theory behind anv cultural treatment is that soil packing 
will be overcome and some of the existing plants will be thinned out so 
that more moisture will be available for growth of the remaining plants 
Disking or harrowing of the range is occasional!) done in late spring 
chiefl) to stimulate the grow th of old stands of sodgrasses Where such 
practice was followed it was found that cultural treatment b) almost 
an> means must be done with extreme care Garner and OaUej (^) 
concluded that indiscnmmatc recommendation of cultural treatment of 
pastures is a serious mistake Perhaps one of the largest benefits dem ed 
is from breaking up and spreading manure droppings over the sward 
Other cultural treatments arc those concerned with construction of 
contour trenches to control erosion and with water spreading both 
of which involve treatment of onl) a portion of the surface area 
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Chapter 13 


CONTROL OF NOXIOUS WOODY 
VEGETATION ON RANGE LANDS 


In parts of all continents forage produernm Ins dcclrned because 
of encroachment of lo\\-\alue wooilv \cgciation 
Fire IS the oldest, most common, and perhaps the cheapest tool 
for suppressing this undesirable growth Biological control, cspecialh 
b\ browsing animals, may be used after burning Mechanical re 
mo\al and spra\ing with chemical herbicides arc also cmploved But 
fire will prohablv continue as the most common means of control, 
despite the danger of its escape ro adjoining properties and the fact 
that burning of steep slopes often adterseK influences watersheds and 
may lower soil productnitv (Chapter 23) Most of the discussion 
in this chapter concerns w ild fires and controlled and prescribed bum 
mg What is the correct and accepted usage of these terms' 

Wild fires or tmcoinroiled bumtvg is promiscuous mdiscnmmate, or 
accidental burning of \cgetation with no plan and no rcsponsibilit' 
for damage to property resulting from escape of the flames 

Controlled burning is the planned application and confinement of 
fire to preselected wildland areas The actual firing is done m so 
many w3\s that no clcar*cut dcscnption can be made of all of them 
At one end of the scale of controlled burning techniques is the ‘ con 
\enience fire where the only elements predetermined are time and 
place of the bum At the other extreme is the ‘ prescribed bum’ pla*' 
Prescribed burning proMdes for firing land when weather and con 
dition of the \egetation allows a particular method of burning that 
will produce intensities of heat and rates of spread which should bnng 
about expected or maximum benefits to soil and \ egetation 

Fire, properly emp!o\ed, may serve man well, in the hands of the 
inexperienced, irresponsible, or uninformed ir may cause great damage 
Because of the importance of recognizing the bad as w ell as the good 
effects on the soil and on the character of the vegetation of suddenh 
removing the cover, a brief resume of background considerations ot 
burmng is presented here 
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Some Background Considerations of Range Burning 
Studies indicate that rational use of fire has a place in range manage- 
ment, but that too frequent and unseasonable burning— especially if 
followed by poor management— is bad practice. 

The firing of a heavy plant cover may abruptly change the physical 
and biological conditions that existed before the burning. The firing 
of hght-to-medium plant cover may have lesser immediate ecological 
eifecrs than burning of heavy vegetation but may conspicuously 
lower soil productivity if burning is repeated frequently. It may 
alter vegetation, soil, and W'ater cycle to a measurable degree, favorably 
or not. Therefore, unqualified generalizations as to the beneficial or 
harmful effects of burning, even locally, are risky in the extreme. 
Each individual area demands critical analysis if fire is to be used 
rationally. 


Prehistoric Burning 

Evidently fires have occurred ever since there was inflammable 
material on the earth’s surface. Wood found in the Pleistocene forma- 
tions “indicates the results of forest fires” (^^). The charcoal of 
2000- to 3000-year-old North American peat bogs, and the California 
big trees, supports the claims of fires in the distant past. Both lightning 
and man were responsible. 

Carter (ii) inquires* 

If man set fires annu.'illy in Califomw and elsewhere (for example) for 

100,000 years, what would be the effect on the vegetation, hence on the 

soil, and consequently on the plant and animal life? 

Professor A. L. Kroeber, University of California anthropologist, 
presented the following views to the author; 

The Indians (of California) burned considerably in both open countr>* and 
forest for \arious reasons. Burning x\*as not indiscriminate bur tended to be 
limited to certain tracw in which they were interested. In general, the Indians 
nowhere burned the chaparral with the idea of getting rid of it. A good stand 
of It is harder to get through after burning than before. If they fired the chaparral 
occasionally it was aiith the idea of ilminff the game our. Kroeber also affirmed 
that the aggregrate extent (of California lands) burned over occasionally or more 
»»r less regularly must ha\e been considerable, but he expressed uncertainty as to 
whcihcr burning m brushlands was extensive. 

Burning of bnishlands by Indinns was probably on such a restricted 
scale that it could have influenced little, if at all. the present composition 
i>r distribution of tlic chaparral over the state. Tlic major Indian 
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population «as along the coastal '‘"P® ^ AreVs'remmc'from X 
tlie present distribution of the chaparnil lands 7™';,, „ to 

coastal and tallcs rcipons Mere Cfore, that at 

directed or ssstcmatic litirning And u is ,hc 

least a fair (if not the ina|or) proportion of the fi P ,5 

earlv explorers at the higher eleaations Mere started In hghtni g 

'*'Thrstuda of Indian huming in California, although interesting, has 
httle application in the current effort of littish control 

The Amencan aborigines evidentK brought the art o - 

Mith them from Asia (31) The late C Han Merriam. authomj^ o^ 
the habits of the nestem Indians, stated to the sinter in 
had not heard that the Indians fired the countrs except to c ear sm 
areas for the groiv mg of tobacco and food crops Kroeber (3 ) 
eluded that the Indians burned considerabli in hcaiiK populated a 
but that the most extensile and dcsttuctnc fires iierc set bi the si 
man 


Effects of Firf on Soil and Watfu Supi’L^ 
liuming the \egctation ma\ affect soil feni!u\, rate of 
and soil erosion, and perhaps e\cn the flo\\ of springs 
These factors ina> he %arioiisl> influenced 1)\ the mtensit\ of the 
and b\ the heat created m the soil 

Chemical Influences Burning nm fa\orahU affect soil fertUi 
and soil moisture The ash although high m carbonates and poisonous 
to plants m excessive amounts, is rich m calcium phosphorus, potas 
Slum, and other ingredients favorable to growth (48) On steep slopes 
much of this fluff) ash is lost b) blow ing or m runoff 

Probahlv a more potent grow th stimulus than the ash is the increase 
in nitrate nitrogen (1, 3, 2J) in the surface soil lav er ^ This stimulus, 
perhaps in combination with the ash is seen in the production of large 
individual plants in the first 2 )cars after burning but not thereafter 

(F‘g 60) . 

Soil Temperatures Finng of areas with a rclativeU small fue 
suppl), such as grassland or even sagebrush seldom results m destro) 
mg much humus or a large proportion of a nativ e perennial grass stan 
(22), but a verv hot forest or chaparral fire with abundant fuel, ma) 

1 Hesselman (2-#) concluded that the heat of the fire destroj s the imcroorganimi* 
in the surface soil Ia>cr Later rapid colonization of nitrogen fixing and ot c 
bactena uV.es place and continues until organisms which feed chiefl> upon t 
bacteria also come up from the deeper soil and muUipl> at an unusually rapid raw 
Decomposiaon of soil microorganisms lolled b> the heat also temporanl> mere 
the soJ mtrogen 
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destroy much of the herbaceous cover and cause temporary soil steril- 
ity (5). 

During a fire the temperatures in the upper 2 inches of soil rise in 
proportion to the duration and the intensity of the fiames (Fig. 61). 
Maximum temperatures in the surface soil layer are reached a few 
minutes after the fire starts and tend to destroy the microorganisms and 



Years after burntng 

Fjg. 60. Nitrate nitrogen in field samples at 0-1-inch depth, in Aiken clay loam, 
chamise co\er. Sliasta County, Califonna. {After Smtpson (•fS).] 

the less fire-resistant seeds. The hottest fires occur in forest slash, 
mixed chaparral, chamise, sagebrush, and grassland, in the order named. 

Burned soil is exposed directly to the sun and tends to warm up 
more rapidly than unbumed lands; thus it stimulates somewhat earlier 
spring groxxth (22). 

Infiltration and Soil Erosion. One of the most unfavorable re- 
actions to burning is the tendency towards decreased infiltration and 
increased soil erosion. The niosr important single influence of vegeta- 
tion IS its stabilizing effect on the soil. On wcll-vcgetatcd areas the 
force of rainfall is measurably niininii/cd; hence little soil is lost. There 
is much evidence to support the claim (^, 43, 47, 49, S3, 59, 68) tlut 
burned xvatersheds cxhiiiit increased overland flow and cliac this acccl- 
c^tes the silting up of areas in the path of tlic stream (Chapter 23). 
Hie life of water-storage resen’oirs may be materially lengthened bv 
niamtaining at all times an effective vegetal cover. It sliould be kept 
in mind tliat temporary clearance of the bnisli, as by burning, is onlv 
nnc step in the improvement of such areas. To lie wortli while, clear- 
ance, l)y whatever means, must I>e followed by proper managemenr. 
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mdudmg reseeding if the sites )ustlf\ „tlonal season 

of erosion control, bv correct stocking rates, or lit 

”'irst?eper the slope the greater the Pf ^^/Xs^rin 

On extensive areas of California chaparral ^yhere- 

vv ith pebbles, giv mg the appearance of an erosion pav enie . ' 

asthisston) surface protects the soil particles underneath bv absorb, g 



til, 61 Sfnl temperatures recorded during a chamisc fire A, thernwcoup e 
inch in duff, /}, inch in the soil. C I'l inches in the soil Mendoano 
0)unt> , California [After Smiipson I 


the force of storms, it causes runoff to concentrate m nils and induces 
formation of gullies But gullies arc more numerous on areas fre- 
quentK burned Lands segetated with chaparral generally seem to 
be well protected against erosion (47, 49) Vcihmcxer and Johnston 
{61), working on plots of California chaparral, concluded that runo 
and erosion did not consistently increase after burning, how e\ er, Kov. e 
(47), snidting the California woodland chaparral, found that burning 
markedly increased runoff and erosion The dnersicy m these result 
nuv be accounted for by different past histones of the areas, u- 
fauW catehmtnt installauons of the test plots by Veihmeyer an 
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Jolmston ind b) differences in precipitanon and soil types of tne 
plots studied 

Although It IS generally recognized that wateished burning has in- 
creased runoff and erosion in many instances, no increases have been 
reported in some cases Alanv small but complete watersheds of 
diversified topography, soil t>pe, rainfall, and cover (the cover to be 
burned or the vegetation otherwise manipulated) need to be studied 
However, the application to large watersheds of runoff and erosion 
records obtained on small plots seems questionable 
Soil Moisture and Spring Flow The amount of water that infil- 
trates into the soil, though influenced b) many factors, may be modified 
bv fire, especiallv when accompanied bv close grazing Changes m 
rate of infiltration after burning var> with slope and soil texture {26) 
A fine, close textured soil is more likely to lose its infiltration capacity 
when denuded than a sandy, coarse, or gravel cov ered soil Veihme) er 
and Johnston {61) concluded that chaparral burning allowed the soil 
to become wet throughout its full depth of 42 inches ;ust as soon as 
that of the unburned plots Sampson {49), and Veihme>er and John- 
ston, reported cliac on chaparral bums the moisture in the upper 3 to 
12 inches of soil was depleted earlv in the season where there was a fair 
cover of herbs, but at depths of 24 to 36 inches burned plots contained 
from a trace to 6 percent more moisture until the brush had partiv 
regrown Burning, tlien, appears to conserve water m the lower soil 
la)cr bv killing or temporanlv reducing the top growth of deep 
rooted woods v egctacion— unless, perhaps, steepness of the area or 
trampling bv stock results m increased runoff The moisture thus 
saved could indicate tint somewhat less rainfall might be required the 
following season to induce movement of waiter through the soil to 
streams and springs 

A^anous stockmen (/7) and some scientists have contended tint 
broadcast burning of chaparral and other fall vegetation on dr> sites 
induces renewed flow of springs and streams Biswcll and associates 
(4) reported increased flow of a spring after late summer burning of a 
dense woodland chaparral hillside m Madera Countv, Califomn, and 
^ome flow over a road after a 500 acre chaparral bum in I^kc Countv 
Copeland {41) observed occasional damp spots after autumn chaparral 
burning m Burre Countv , California 

TJic water of such increased flow— a matter not vet established— 
Would have to come from a free supplv stored deep in the soil or m 
live rock strata of drv -slope vegetation where but a few stringer roots 
occvir, bijt on slopes supporting npanan (stream bank) vegetatton 
w ith roots anchored in soil contamini; free w atcr rhrouglioiir its profile. 
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intrenscci flo\\ nn^ be expected withm -i feu luiurs nftcr rcnio\al of 
the co\cr On dr\ slopes some free untcr could conccuabU find its 
was into spnngs and seeps b\ the heir uates induced b\ the fire and 
bs exposvire of the soil to dirca insolation after rcmosal of the \cgcta« 
lion Botisoucos (4) in laboratorv studies, reported that a rise in 
soil temperature forced some uatcr our of the sto! He attributes this 
to expansion of the gases and increased sapor pressure and perhaps 
also to decreased surface tension Springs or streams, as stated, nuglic 
he expected to flow more frccK when riparian scgetation (tall stream 
hank growth) is cut or destroxed !i\ fire Such increased flow could 
mistakcnK be attrdiutcd to burning of dr\ -slope scgctation Tlic 
influence of burning or otherwise thinning of tall scgctation on water 
relations needs additional studs Steep slopes should be burned svith 
camion cspcciaJli thosesi/thrcbtncli hghr high!) crodilile soils ('ff) 

Tirf, WntjuFr, asd llrotesTioxAL Arfss 

Fire and Wildlife AU form of ssiUllifc arc afTcctcd h\ fire Small 
arboreal mammals, like tree squirrels and chipmunks, are reduced in 
numbers for long periods bs crossn fires lUit most small surface 
d\\cnmg mammals such as ground squirrels, gophers, and field mice, 
as sscll as reptiles arc onU temporanis reduced because enough indi 
siduals escape the fire to rcpopulatc rcadils (50, 4 $) Uccausc of their 
niobilics, large predators like the cosotc, fox, and mountain hon and 
such ungvilatcs as deer and elk arc little affected hs fires of ordinar) 
size, but large rapidU moving fires mas kill mans of these mammals 
or the> ma> die from stars ation for lack of winrcr feed 

Large burns arc also dcsiructisc to birds, their eggs, and their nests 
(55) But small bums siith ample cover ncarbs enhance thetr food 
supplv In southern woodlands Stoddard (57) found that )udicious 
spot burning provides quail ssith secluded grounds of abundant choice 
food 

Fish maj he harmed by burning of stream bank scgctation because 
It reduces insect and plant foods and disrupts the habitat Burning of 
large, contributing svatershed mas cause the following adverse habitat 
changes the stream temperature ma> be raised, the carbon dioxide 
content of the ssater maj be increased through decomposition of killed 
vegetation, ash and dissolved impunttes ma> be added, and the ox> gen 
supply of the water ma> be decreased 

Fire and Recreation Areas Tounsts leave recreation grounds that 
are being burned and advise friends to stav aw as from them During 
a fire business at hotels and other tourist enterprises drops sharpl) 
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and does not reach normal proportions until after the smoky atmos- 
ohere has cleared {S4) Often the greatest loss is the damage do 
to the pTavground proper and to roads that lead to recreanon areas 
Such fim dLge cL oVn be avoided or minimized by burning for 
hazard reduction 

Controlled Burning for Reduction of Hazard 
Disposing of inHammable material includes burning brush, slash, 

of burning for this purpose buying 

alone roads railroads, and other traveled \va>s and along fire breaks 
for fire preaennon or pre fire suppression, (2) spot 
logging slash and other hazardous concentrations of heavy 

flash dead fuels, and (3) broadcast burning over an ™tire ^ 

The use of fire purely for hazard reduction has been subject to some 
confusion, because there are these three types and ‘’SJ 

regardmg them has been loosely used Also many f 

“light” or “heavy ’ burning when referring to hazard reducuon bv con- 

implies the use of fire in 

Minti to reduce the danger of wild, destructive fires P°P“^ 

practice in the longleaf pine flats of the («) to -m^ 

protect the umber and the grazing Light u g ^ 

can be practiced successfully only uhere the trees are resistant to fire 

%ea^y bun, mg implies firing during the dr>, hot season to destro> 
the esisung coier, facilitate traael and livestock handling, increase 
forage for game, and enhance hunting Heavy burning places no 

value on the existing vegetation per se 

Neither term implies the degree of pre-planning or of control 
measures imohed in the firmg operation 

Burning Practices in Foreign Countries 
Man’s use of fire to alter or suppress brusli and/or umber m mam 
instances Ins been essential to his x\eli-being, ut too o ten i 
resulted in comcrting large areas to desert and arc roc ccor g 
to Shantz {S3) 

In regions of rehtneU Iicasa rainfall, such as the Pacific No«hu«t 
and the tcmpcra-c ram forests of Central Africa and Ne« Zealand cIm g 
olT the fortits In citung and fire reduces then often to useless fields of 
bracken U hen once ncll established, bracken, which has no grazing 
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\aluc, makes reforestation and esen clearing for agriculture a tedious 
and cos’l) process 

A third of the natural vegetation of the earth’s surface has been 
affected b\ fire In each ease the vegetation is thrown back to a 
luxuriant, drier o»- often less productive tv pc 
Tlic most cxtcnsiv c of this unproductive grow th is the Mediterranean 
hard ’ brush It mOiidcs most of the brusli lands bordering the 
Mediterranean Sea in Africa, Asia, and rurtipc [S3) I rom Spam 
throughout much of the Balkan states this form of brush has been 
burned for hundreds of vears to improve the pasturage But, like the 
chaparral of California and similar Imish in Soutli Africa, Australia, 
and New Zealand the more it is tndiscnminatclv fired the less desirable 
IS the vegetation Over much of its distribution the shnibs arc largclv 
unpalatable 1 verv where geographers regard this cover as firc-mduced, 
for it tends to liccomc denser as the qualitv of tlic site is lowered as 
a result of repeated burning 
In New Zealand, 7oto\ {6$) reponed 

Fire is the pnnur) cause of depletion of the tussiick grassland To* 
gether with ovcrgraring it is responsible for the more or less complete 
destruction of the desirable vegetation 

In a hcavj rainfall region of New Zealand, Tavlor [S,) noted 

The chief cause of the hill countr) detcnofation is sod erosion The 
frequent use of fire to control scrub and fem grow th js the greatest single 
factor aiding sod erosion 

Tanslej and Chipp {SS), studving New Zealand tussock lands, con 
eluded that proper seasonal grazing should largelv repbcc range 
burning 

Over extensive areas of the Union of South Afnea, Bosman (7), 
Phillips [43), and others [60) favored limited or occasional burning 
m the dormant season to remove the coarse, drv grass Bosman con 
eluded On the whole, veld burning should be discontinued as far as 
possible” This obscnation is supported b> Staples [SS) and others 
(S8) 

In tropical forest, brush, and grassland-notablv m Burma, India, 
and Brazil-bamboo, bracken, or scrub soon occupies the bums In 
Burma and India, bamboo also replaces burned evergreen forest [SS), 
and only the formation of Government reserved forests has sav ed these 
great natural assets 

In Brazil, Vincent [62} concluded that fire can cause devastation but. 
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when properly applied, often improves the range. Fire is often used 
^\here no benefits are derived. 

To summarize, ever>^vhere the practice of burning is challenged 
by some landowners, scientific groups, and individuals In some 
localities, grazing lands have been heavily damaged by too frequent 
and unseasonable burmng, m other places rational burning has proved 
beneficial and even necessary. But many ranges are fired too fre- 
quently. 

Control of Noxious Woody Growth, on Range Lands 
of the United States 

Control of undesirable woody growth on range lands in the United 
States IS practiced chiefly in the following plane associations the 
chaparral of California and adjacent areas, sagebrush of the Great 
Basin and adjacent lands, mesquite and other scrub of the Southwest, 
scrub and the “rough” of the midwestern prairie, the brush and rough 
of the southern pine region 

Control of Chaparral in California 
“Chaparral”® is the term collectiveK applied in the West to the 
scrubby grou th characterized by sclerophyll evergreen leaves, often 
thorny branches, and an extensive root svstem It occupies the inter- 
mediate or foothill areas between grassland and forest and is best 
developed m regions of the Lower and Upper Sonoran life zones In 
the United States chaparral is a western formation It grows best in 
the foothills of the Rocky d/ountains, the niounrams of Utah, Arizona, 
southern Oregon and California (64). It appears to be chmav o\cr 
much of the drier parrs of its range but is apparently subcIima-\ on the 
deeper soils in the hcaMer rainfall areas. 

The discussion in this section of the chaparral is confined to the 
California fonmtion, but the recommendation for suppression miv be 
applied to chaparral lands elsewhere 
The California chaparral occupies several million acres (4S)', it 
includes \arious kinds of brush covers occurnng on many sod tapes 
and on different slopes and exposures (Fig 62) The dominant plants 
ate chamise (Adetiostoirta fasdetdatttm), blue, Inc, .and scrub (Qtiercus 

^ * In Corsica (55) this plant form is called ‘^lacchia’ , in bpatn, “chapirro** or 
lomillarcs”, m the Balkans, 'phr>pana*, m South Afnca, "fiinbos,” "Ranguc,'’ 
Of ‘heath”, b> the Bastiucs in the Pyrenees, ‘chabarro , and in soutli Australia, 
malice” or “mulgabrush" Throughout the world chaparral is regarded as 
ore thnvinir, for after burning great numlicrs of crown sprouts and seedlings 
come m 
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Fic. 62 T>pical California chaparral area ranjnnp from pure chamttc on t 
bleal^cr steep slopes to mixtures of ceanothus Inc oaV, manzanita anti chami« on 
the different sites The soil is shallow and mostl> of Ion productnit> A uf?® 
proportion of the cliaparnl lands is pnmaril} useful for production of game 
animab and should be managed for that purpose Sliasta Count> 


Although the chaparral lands arc most useful for watershed protcc 
non and the production of a maximum supply of usable water, they 
are also important for livestock grazing, game production and as hunt- 
ing grounds The more fertile areas have been cleared for honicsitcs 
and farming A small acreage is used as campsites, and some of the 
streams attract the fishermen- In many localities the treatment of 
these lands is of concern to the people as a whole 

Stockmen bum these brush lands to improve the pasturage and to 
facilitate handling the stock Most sportsmen fav or periodic burning to 
increase the feed for game— espcciaU> deer and quail— and to facilitate 
hunting 

Although more research on this problem is needed, answ ers to some 
frequent questions concerning the control and administration of the 
chaparral are given below 
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1 Do all chaparral areas respond equally -well to fire? No. Prop- 

erly managed flats or gentle slopes with fairly deep sotls may produce 

abirnVnutritions forage after burning t"\%rffired 

thin soil-especially the steeper slopes-produce little forage when ^red 
Burning of low-growing stands of cham.se on severe sites yields little 
fotTge But burning robust mbted stands of chamise, manzanita and 
ceanothus on deep, productive soils results in a fair c™p for 

to 4 years after burning {4S, SI). Nonsprouting brush fields usually 

nroduce more forage than areas of sprouting brush. 

Man^ong-protfcted brush fields are so dense that livestock cannot 
work into them, and the understory ''^B«at.on is sparse. That ^ 
stockmen desire to bum these areas even though the resulting pasturage 

is temporary and generally poor {SO, 6S). Unmino- 

2. Hum can brush best be controlled or rentoved? By burning, 

toxic spravs, mechanical means, and biological t^ouao . „,.n„ni7ed 
Burning i the most common method. But it should be recogmzed 
that a second or even a third fire at intervals of 2 to ^ 
required to clean up the woody remains of the initial burn » UU 
the brush seedlings Reseeding with 

to provide fuel for the rebum. (4). According to Sampson {-IS) 

Where burning at intervals of 2 to 3 years is turbumed 

chaoartal tend to cite way mote or less to grass and weeds. But burned 

area's s"lm prodLe eno;:gh herbaceous growth - --e ‘hY“ntung o 

sufficiently hot fires to consume the brush seedlings, the sprouts and the 
chaired -La^ sterns ... The availability of pasturage elsewhere will 
dt^i'nc whether the forage produced after the first fire should be 

sacrificed solelv for improvement purposes. fnilnvx'intr 

In late summer or early autumn of the second or third year Wlo" "S 
the fim fire, the stems may be leveled to the ground by WE “ 
over the area with a tractor. After the dragging the area is rebumed. 

Although rebuming to favor invasions of grass has fiiv™ so^c good 
results, its general effectiveness has not been fully demonstrated (f ). 

Toxic chemicals are still too expensive and too uncertain of resuhs 
to be used extensively on chaparral. Such B™'v'b-fSu'at.nB com- 
pounds as 2,4-D (2,4-dicl.lorophcnoxyacct.c acid)’ and 2'‘*-5-T 2 4^- 
trichlorophenoxvacctic acid) have been tested; also such nonselec c 
herbicidi as animate (ammonium sulfamate), arsen.cals (cspcc.allj 

> Tlie most common forms of 2.4-D arc the acid and the salts and cstc^ ^this 
acid. The add may be mixed ss ith sodium earhonate or 
inp powder will mix dircctb with water (the aa 

commonly uved arc the methyl. cth>l. isoproj^i, an- u. . ’ • /•>. g~\ 

eompouni are neither explosive, inHammable, psitvonous, nor comnive (.1. iST). 
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sodium arsenite), fortified petrcd^m W inltTd- 

and diesel ojl), and TCA (tncWoracctates) (38) 

bngs Tccmm chaparral species . .th 2,4-D or . ith ammare has shouar 

some promise (4) .,. 1.1 Kecr he done 

Permanent and complete rcmoral of the chaparral mar ^ 
rrith a bulldozer, or br lopping chopping, and girdling On v 
more productirc, relameh lerel lands )UStif> the expense of about 
$15 00 per acre 



Fit.. 63 Angora coats on a w tjodland-prass area burned 5 >eats preMOUs1> 
The open-grass pomon formerh had a scattered to-dense stand of li« 03 I-, 
ccanothiu and ssild rose Amador Count}, Cahfomia 


Biological clcanng as with goats, »s elTcciuc on girdled chopped, 
and newh burned areas if the sprouts arc palatable (Fig 63) Stock 
mg IS often desirable at the rate of IV 2 goats per acre for the first 2 
\ ears and at a lighter rate thereafter A hea\ \ deer population miU 
dcstroN brush sprouts and seedlmgs on bums of about 5 acres if the 
bums are spaced no closer than a mile or so apart (46, 48) 

3 Is ariifiajl reseedtng of chaparral bums successful^ LsuaU\,no 
Best results has e been obtained b\ seeding \\ ith annual rv egrass (Lo 
hwn vnilufloTims), cereal r> c and certain natn e or naturalized annuab 
(Chapter 11) pnniar> objccuses of reseeding are to set up com 

petition w’lth the brush seci^gs, provide fuel for a rebum, and protect 
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the soil against erosion The secondarv objective is to improie the 
grazing 

Most perennial grasses and legumes are general]} unsuitable, since 
they become established slowly and are mostly crowded out b\ in- 
vading plants Such perennials as Harding grass, smilo, and tall 
meadow oatgrass have shown some promise on the better sites w here 
some native perennial grasses occur Biswell and associates (4) con 
eluded that reseeding is jusDfied onlj on units where the grass had 
been crowded out by dense brush before burning and on spots where 
the hre destro}ed the grass seed Although hand seeding of these 
spots conserv es seed sow ing of large areas w ith an airplane is nor ov erly 
expensive and ma} offset local w astage of seed 
On the better, mechanicallv cleared sites, domesticated perennial 
grasses and legumes may be established, temporanlv at least, though 
at considerable expense {55) 

4 Do stockmen prefer to keep their rough lands m brush, burning 
them periodically to induce sproutmg foi feed^ Cattle growers favor 
clearing the brush, whereas man> sheep and goat raisers whose animals 
utilize the sprouts far better than cattle prefer an open brush stand 
Stockmen who must rclv on brush lands for much of their pasturage 
nia) well resort to a program of rotation burning to provide some feed 
each year (45) The brush field ma\ be divided into 3 units so the 
burning can be done at 3-vear intervals or on a 9 vear rotation basis 
The animals should not be kept on the chaparral bum throughout the 
summer and fall, because of the low nutrition of the feed after the 
spnng period A few acres of irrigated pasture or mountain range 
for summer grazing is a distinct asset 

5 What IS the cost of controlling California chaparral by burning^ 
Controlled burning m California, as m most other states,* is administered 
bv the State Division of Forcstrv, winch encourages stockmen to rake 
out fire permits, construct needed firebreaks and ha\ c adequate help 
on hand during burning The Torcstrv Division provides standbv 
crews at state expense Cost per acre vanes tlucflv according to size 
of area, risk involved character and dcnsitv of tlic bnisli slope and 
^'■vposurc and weather The relation of cost to si/e of burn, from 
unpuhhslicd data of the author is indicated in Table 16 

The figures m Tabic 16 include onlv ‘ reported expenditures and 

‘Peruliics for damape resuUmp from unpcrmiticd bummp or for cartrlcwnns 
vvith i>cmiitTcd fires can be severe I owes of winter feed urn! cr waicrshcd values. 
Cultural fcanircs revultmp from escape of prescribed fires arc frequent and 
«ficn cvpensiic 
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not»ch.ie™s. (>)"'r.trrcfu'r„g^" 

fencng nd.ng and ‘of S n ^ do"- 

,ng and reseed, ng, and (2 tes ot MiMero , 

stream s,tang and pass bis flood dan^e srh.ch. 

the ranchers casherpend.mres arelorresr on thc^^« P 

mcidentalh, ate the least product.te and least desirable lor 
ment through brush control 


TABLE 16 


Sizt tj Bum 
(Acres) 
40 
«0 
120 
160 
200 
240 
2£0 
320 

y/i 

¥fi 

4«0 

520 

m 

640 


Cost or Bc««n’cr 


Permitue Cost 

Sta.e Cost 

(per Acre) 

(p-T Act-) 

<3j00 

JO 70 

2jW 

0(fi 

2.20 

OiO 

140 

045 

140 

040 

iff) 

045 

080 

020 

0/0 

020 

0/0 

020 

060 

020 

0/» 

040 

0/0 

020 

060 

025 

060 

025 

0/0 

040 

0/0 

045 


Total Co t 
(per Acre) 

<3 70 
3^ 
X70 
^15 
!60 
125 
100 
010 
080 
040 
080 
0 80 
0 85 
085 
090 
0 93 


An anab-sis of 190 State Forestn Dnision cost reports of pernutte 
burning dunng the 1947 and 1948 seasons* indicates that on bm^ 
larger than 640 acres (not shown in Table 16), the cost to both the 
permittee and the State decreased For example, on bums of about 
1500 acres the cost to the permittee was about 45 cents, to the state 18 
cents. Such acreage ma\ pro\c to be approximated the upper limit m 


the econom\ of burning 

The claim that burning b> permit has reduced the acreage of fare 
escape IS not substantiated b> the records for the \ears 1946-19?0, as 
shown m Table 17 i, 

6 Why the controversy o^er chaparral burning^ (Tiieflv because 
of the di\ enin of interests m the land resources The argument is 
concentrated among four groups (1 ) stockmen w ho bum the chaparral 
lands penodicalK, causing finanoal losses if am of these fires escape to 
* Results aken from a report on a ow^seranse project on cost and rewms of 
brush burning bet« cen the Califonua State Dnnion of Forestry and the author 
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adjoining lands; (2) sportsmen who Uke the brush J 

bv firing to facilitate hunting and to increase the S™" ^ ^ 

(3) administrators of watersheds who feel that the ™ ' 

L protected from fire to obtain a continuous maximum ^ 

water; and (4) foresters, timber owners, and those invested 
tion areas, whLe lands adjoin chaparral fields, and who find it difficult 
to protect their properties from escaped fires. 

TABLE 17 

Percentage of Escape Burns, 1946-1950 
Controlled Bums 


1946 

1947 

1948 

1949 

1950 


Permit) 
(Acres) 
64,296 
35,807 
24,041 
83,055 
86,434 


Escape Bums 
(Acres) 
9,399 
6,137 
6,058 
14,358 
16,030 


Escape Bums 
(Percent) 
12.7 
14 6 
20.1 
14 7 
15.6 


The indiscriminate burning of 

much of the adverse opinion concerning the va uc ^ , j 

the rugged outlying area is relatively ° 

doubtedly most suitable for game production “"‘J "S' . , 

7 IF/;at are the policies concerning control of the California chapar- 
ral Xare " xVe fiTnermit 

bv the State Division of Forestry arc likelj to persis . virtually 

will be passively acceptable to the stockmen so long as it iirtiia ly 
vindicates them (by showing good intentions) f™" ^"I^^S-nst prop- 
ettv damage and gives them free advice on how to ’ ™son 

able safety. Varhius stockmen pressure groups may 
ceed in Securing legislation to subsidi/.e "'I ^ 
burning. This might be done by reimbu^mg '>’= ^kin“ 
expendinires or bv vesting in the State Division o 'nrocrain 

sponsibilitv of carrying out the entire brush suppression progra . 
Possibly a'step in that direction was made in 1949 J'" 

tion of $55,000 to provide and equip two crews o . y 
on control bums.” The extent to which the state can 1 '«■[>; P™' 
Viding standby crews to benefit individual ‘“"f 
tion. Is it the aim of the state legislators (1) to 
their hunting or (2) merely to reduce the chances of fire escap 
Where is hdp of this kind to endr It has been shown t>-t burning 
often incre.iscs ninolT, erosion, and floods A handful "f 
are now receiiing state help on a substantially inercsing acreage each 
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(85 000 acres under pcr^r .n .950, ar 
™.r storage capac.t, the P”™ , bclou The 

me“rg”fcorderSle'pan of the brush 
through state actn .ties and benefit pat ments of the P™™"™ 
mg Adm.n,strat.on (P M A ) The Stare Du. s, on of 
t.alK through pressure bs pouerful stockmens ^ 

ceedmg u ith an action program in brush burning in 
research guidance of the ultimate effects of repeated firing of the 
or the economic feasibilitx of the program -rnnomic 

When tv, Id lands are classified as to their most permanent «onom 
uses-a study under nay m Cahfomia-there mas he 
Steeper brush> slopes and other unproductive areas v _,»irlv 
of stockmen and others to recognize that manv brush areas 
marginal for livestock grazing and are best suited for game pro 
should be most helpful If local watershed values arc not 
program of prescribed rotational burning mav be adopted to en 
the vast low producing acres for deer and other game Burning 
hazard reduction and removal of the chaparral bv mechanica me 
on good sices is destined to increase 


Control or Bio Svgeurcsh is tiif Grfvt Bvsjs Recios 

AND AoJACEST LasDS 

Big or black sagebrush {Arteniisia tridentata), and its varieties is a 
nonsproutmg deep rooted man> branched shrub, 2 to 6 feet ig 
withsmall aromatic graj leaves 3 cleft at the tip It is one of the most 
widel) distributed western shrubs and is €spcciall> characteristic o 
the Great Basin region {16) Luxurious stands frequentl) occup) 
productive soils of near neutral reaction In the winter big sagebrus 
furnishes some browse for livestock and game , 

Big sagebrush has invaded a large acreage that formerl> suppose 
perennial forage grasses (Fig 64), and the more productive of t ese 
areas justify its removal Burning is the chief means of suppression 
but railing plow mg flooding or mow mg are occasionally emp'ov 
usually followed bv reseeding 

Answers to common questions concerning the control of big sage 
brush follow 

1 Why not replace big sagebrush 'letth grass by deferred rotat 
grazing and consenattie range itse^ On areas where the sagebrus 
IS not ov erly dense and ample seed plants of the better forage grasses 
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remain, the deferred-rotation grazing practice is generally effective. 
But where the sagebrush forms a dense cover, improved management 
favors the grass but little and the sagebrush should be removed (20, 57, 

«)• 

Burning is the cheapest way to destroy big sagebrush where soil 
erosion is not serious, but mechanical methods should not be over- 



Fk. 64. Hea\T invasion of big sagebrush on formcrij- productii e perennial 
grassland m Idaho. The brush may be controlled by burning, railing, or plow mg, 
follosscd by reseeding, preferablj to crested wheatgtass, smooth brome, or a com- 
bination of these with the better native perennial grasses. 

looked. Burning sites of shallow soils or steep slopes should be avoided. 
Including building of the necessarj' fire lines, burning costs have aver- 
aged about 20 cents an acre and seeding about S2.00 per acre, so 
burning pays only on productive lands. Inferior-appearing stands of 
big sagebrush— at eraging about 214 feet tall— indicate poor soils; strong- 
appearing dense stands— averaging 314 to 5 feet tall— arc indicative of 
good soils. On various superior sires in Utah, Idaho, and Colorado 
the forage has been more than doubled under conservative grazing 
afterburning (31,42). 

2. What tiianagaiient plans are especially recounncnded for control 
of big sagehrttsh? The firing should be done in late summer or autumn 
after the seeds of the grasses have scattered. Stock should be c.\cludcd 
tile first year after burning to protect the grass seedlings, and grazing 
should be light the second year. Undue trailing of stock over tite area 
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should be uscdcd « ell t.mcs The “"“S'-- "“[““^Veroslon 
fire can be controlled that the grass still be j .(^er- 

ssill not be severe, and that conseisame gracing Mill 1 o , , j 

:ard Where few good grass seed phms remain, ' - 
reseeded M ith crested w heatgrass smooth brome, or slender g 

Control of Woody Gross tii in Till SouTllsSEST 
AND SOUTIIFRN Gw \T Pi MNS 

The states of Arizona, Ness Mexico. Texas, and OUahonia primanb 
comprise this area The more troublesome grassland invaders in 

and portions-Arizona, Ness Mexico, and ss estem Texas-are acac 

(Acitcia spp ), cacn {Opiintia spp ), pinipcr {Jumpertts 
(Condaha obtiiu\oha), mcsqime {rrosopts pihflora \-xr. 
oaks {Qiierais spp), and whitebnish {Aloysta Upistrim) m 
southern Great Plains, sand sagebrush {Aueimsm filifoUa) is the mos 
widespread, but oaks, plums {Pwmis spp ), and cacti also need contro 
The tremendous importance of suppressing the millions of acres o 
brush m this region is being studied b> federal and state agencies 
Foremost m abundance, distribution, and curtailment of grass growth 
is mesquite which, often with other shrubs, occupies some 60 million 
acres (56) Burning, mechanical removal, herbicides, and biologica 
control are emplojed on some species, or a combination of some o 
these methods ma\ be used , 

1 Is vtesqinte of any on the ranged The 4- to 8-inch see 
pods are palatable to livestock and game animals, and the \oung twigs 
and leaves are browsed lightU The mesquite is used for fence posts 
and fuel, also the plant protects the soil from erosion Overbalancing 
these advantages, however, are these facts (1) the seeds germinate 
readil) after having passed through the animal, and (2) the extensive 
root svstem robs the grass of moisture and the top growth shades out 
the grass (29) Control, rather than complete elimination of the shrub, 
IS preferred (59, 40) ^ 

2 Can niesqnite be elwimated or effectively controlled by burning' 
No, partly because of its pirklike stand, and because burning, or chop 
ping, IS followed b\ vigorovis sprouting After a fire manv seedlings 
come in Allred (2) points out that the vigorous sprouts after burning 
soon recapture the site 

3 Will a strong grass cover ctirtatl mvaswns of mesqtnte^ Areas 

well stocked with perennial grasses are nearlj free from mesquite 
(Figs 6S and 66) Conservative range use and deferred-rotation graz- 
ing are important in minimizing mesquite mv asions ^ 

4 Can viesqmte be removed effectively by viechamcal means 
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Fig 65 Open grassland m southern Arizona, photographed in 1903 Initial 
infestation of mcsquitc on the left is indicated by a cross 



(.Courtesy of U S Forest Sendee') 


Fiq 66 Mesquite infestation, csidcntlj due to otetgrazing and scattering of tlie 
seed b\ domestic Inestock Photographed in 1941 from same location as that 
of Fig 6S 
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Mechanical remoial ,s effective if done cotrcctl> The whole plant 
must be dug out deep enough to unearth the dormant buds 4 to u 
inches belofv the ground level Removal hv hand grubbing is 
cheapest on small areas of ehanusc or most other brushes 

On larger areas, pou er grubbing machincrj has been use 

varv mg success Heavv machine grubbers sever the roots 

inches below the ground surface Unfortunatclv , much of the per 
nial grass stand is killed, and mans small mcsquitc bushes are lei 
These, together with the numerous incoming brush seedlings, s 
rev IV e the brush cov er (fJ) Bulldozing of mcsquitc is not satisfactor 
{66) Of the \anous other implements built to eradicate brus ma 
be mentioned the brush cutters, mowers, root ploughs, power saws, 
stinger blades and cable equipment An\ equipment, like saws 
and mowers, that mereU removes the top growth stimulates a rapi 
regrowth of the mesquite Cabling out large, stiff mcsquitc plants is 
done b> running tw o craw Icr t> pc tractors parallel to each other a out 
100 feet apart and dragging a steel cable bew een them This met o 
of removing rigid mesquite and other large plants is rclatJvelj jnex 
pensive and effective , 

Controlling mesquite and other brush b\ heavv machmen nee s 
more studv . . 

5 Can chamcal means be used to remove mesquite and other brushy 
Sprav mg w ith suitable herbicides or applv mg an oil around the plant s 
crow n has been fairlv successful 

Kerosene, diesel, and crankcase oils will kill mesquite and other 
brush species if enough is applied at the base to penetrate through the 
bark and destrov the deepest buds A basm should be dug close to 
the plant and the oil then poured from a spouted can around the low er 
few inches of the trunk The soil should be dr> If it is porous, it 
should not be dug Fisher {19) reported excellent results with mes 
quite on porous soils bv first cabling the area, then following up m a 
few months w ith an oil treatment of the sprouts and seedlings 
Sodium arsenitc or arsenic pentoxidc has proved the most reliable 
and effective brush killer of the chemicals tested on mesquite and man} 
other wood} plants {39, 41, 67) 'TTve poison ma\ be in)ected into the 
shrubs bole, or the trunk ma\ be frilled (chopping a shallow cup 
near the base of the trunk) or girdled and then treated w ith the arsenic 
solution, or a weak solution ma} be poured around the base of the 
plant Allred (2) and Parker {39) caution emphaticallv on the care 
w hen arsenite is used, because of its extreme toxicitv to man and animals 
Ammate (ammonium sulfamate), when applied properl}, is fairl) 
effectiv e on some sproutmg trees and shrub species and is not poisonous 
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to Stock Dense, man> stemmed shrubs should be sprajed about the 
time the leaves have attained full growth Four pounds of animate 
cr>stals dissolved in 1 gallon of water is recommended In 1950 treat- 
ing of dense sprouts of various species I to 3 feet high amounted to $15 
to S20 per acre excluding labor {19) To kill large trees, small cups 
2 to 4 inches apart are chipped out around the trunk and a table- 
spoonful of ammate crystals inserted m each cup Treatment should 
be made m summer or fall Use of ammate on mesquite has not been 
successful 

The use of 2,4 D and its denvauves on woodj giowch m this region 
IS still largeh in the experimental stage Savage, Brown, and Mcllvam 
(52), working at Woodward, Oklahoma, report satisfactory results 
m sprav mg sand sagebrush and certain larger shrubs w ith 2 4-D from an 
airplane Mowing sand sage in June destrojs much of the sage stand 
and measurably increases the grass cover, but the place of 2, 4-D and 
2,4,5-T in brush control generally is m the experimental stage 

Removal of the ‘Rough ov the Midwestern Tall Grass Prairie 
The tall grass praine, dominated b> bluestcm grasses {Andropogon 
spp ), has long been subject to annual burning in Kansas Oklahoma, 
and parts of Texas Firing is done chiefly to remove the dead grass 
(called the ‘rough ) remaining from the previous year, to promote 
earlv spring growth and to control weeds and brush Differences of 
opinion exist among stockmen and others concerning the use of fire 
and the proper season to burn 

The earlier burning practices of the midwestern white man seemed 
to have been patterned after those of the Indians, who are credited 
by some workers with keeping the cal! grass prairie treeless b> frequent 
firing Droughts, howe\er, seem to have been the chief influence m 
keeping out the trees (13) According to Cox (IX) The most ad- 
verse weather c>cle or the most severe drought occurring over a long 
period of time in an> region determines the character of the vegetation 
m that region ’ 

Answers to the following common quesuons lean heavily on the 
work of Aldous (1) and Henscl (22) 

1 Why re7Jtove the dead grass of the prezions grazing season^ If 
not removed the old grass will adverselv shade the current forage crop 
Jind hinder grazing In especiall\ good grow ch > ears additional num- 
bers of stock might be pastured thereb\ getting the benefit of the 
forage that would otlierwise be burned On level areas the excess 
forage can be conserved by mowing and stacking it for use later 

2 Wbe-n should the burning be done^ In the spring wlien the soil 
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IS moist Burning when the ground is dr\ , as m the autumn, is likelj 
to cause serious damage to soil and scgetacion 

3 Ho-^ does burning affect composition and yield of the tall prairie^ 
Aldous (2) found spring growth shghiU heavier and earlier due to 
greater insolation of the sod B\ midsummer the >jeld was about the 
same on the burned and unbumed plots, but b\ autumn the unbumed 
area had a slightU heavier grass cover The vicld was least on plots 
burned m the fall 

4 Should snouberry and sttnnc be controlled by burning^ Snow- 
berrv {Sympboricarpus spp )— called bucUmish m the Alidwesc— and 
sumac {Rhus spp ) are common weedv shrubs m the tall grass prairie 
region Burning or cutting the snowberrv in late spring, when carbo- 
h\ drate stores are low , kill? man> of these plants, but sumac is not killed 
unless burned or cut in June, a date too late for effective pasture 
burning 

Burning of the * rough induces more uniform and unhindered graz- 
ing But sparsel) vegetated south and west slopes should not be burned 
because of needed protection of the soil 
Infestations of sumac can be controlled cffcctivel> b\ airplane sprav- 
ing with 2,4 D 

BtRMSC OF OniFR Grvsslavds 

Short Grass Mid Grass Frame Although pasture burning is not 
pramced rcgularU m the zone between the tall praine and the short- 
grass region manv fires occur accidentallv 
Hopkins and a»ocjates (27) at Ha}s, Kansas, found that buffalo grass 
{Buchloe dactyloides) areas burned m April produced little growth in 
Maj, whereas on a bum of the previous fall growth started earlv and 
made a fair height The fall burned pasture however, showed a 
25 percent weight loss of buffalo grass and aO percent of blue grama 
{Bouteloua gracilis') Much of the little bluesteni {Andropogon sco- 
parius) and other mid grasses were killed b\ the fire 
California Aninial Grassland On this cover the author has noted 
that burning lowered forage vield and raised the number of forbs for 
some three seasons Hervev (25) concluded that fire has no place on 
these grasslands because (1) grasses decreased and forbs increased m 
abundance, (2) spring growth on burned areas was delavcd the height 
growth being less and the grazing capacitv low cred, and (3 ) such forbs 
as bur clover and filaree increased the first vear 
Downy Chess Infestations Dovmv chess (Bromus tectorwn)— 
also called cheatgrass-is localK abundant in the Rockj Mountains, 
Great Basin, and Great Plains Earlv m the summer the heavier stands 
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cause a serious fire menace. Graang when the stand is green provides 
satisfactory forage and protection against fire and curtails reproduction 
(20, 2S). Burning just before seed maturity has been partly successful. 
Creating fire breaks by burning oiled strips of the green grass has also 
proved useful (34), 

Stubble Burning. Burning of stubble to dispose of the “rough” 
after harvest is common practice in low-rainfall regions where straw 
decays slowly. Here are some of the “don’ts” to watch out for (S6): 
don’t bum the stubble in the fall, for it holds the snow and aids in the 
control of soil blowing; don’t bum on soils that have started to blow; 
don’t burn in dry years when the stubble is short or the stand poor. 
Burning, however, makes for a clean seedbed upon which wild oat 
or seeded rye readily becomes established. 

Control of UiVocusTORY m the Southern Pine Region 
In the longleaf, slash, and lobloUy pine forests of the southeastern 
states, timber production is the primary industr)'. Much of this region 
has been cut over and burned and is now occupied by thrifty second 
growth interspersed with open grass and brushland. Cattle pro- 
duction is extensive and expanding. Fire has long been used on the 
level lands to keep the understory open. In many localities prescribed 
burning favors both forest and range (J, 6, 63). 

Three associations occupy most of the southern forest. Loblolly 
pine (Films taeda) and hardwoods cover the upper or northernmost 
Coastal Plain; longleaf pine (P. palustris) and slash pine (P. caribaea) 
the middle Coastal Plain; longleaf pine, slash pine, and bald cypress 
(Taxodhmi disticbin?!) the lower or southernmost Coastal Plain. 
Along the streams are usually strips of mixed bottom-land hardwoods 
(Chapter 15). 

1. Was the lotigleaf pine forest extensive and open before the coming 
of the vebite man? Evidently it was (63). For the past century 
stockmen have burned the forest at any season (18). This promiscu- 
ous burning has been destructive and is still too common; however, 
longleaf pine seedlings older than 1 year are remarkably resistant to 
fire. Chapman (12) proposes burning the longleaf pine understory be- 
fore seedfall; this to be followed by fire suppression until the seedlings 
are about 3 years old and still in the "grass” (heavy needle) stage; then 
burning again. 

2. Does burning favor animal rnttrition by stimulating invasions of 
desirable forage plants? It does. More grass and legumes are pro- 
duced on winter-burned than on unbumed lands. Annual lespedeza 
(l-espedeza striata) and other palatable forbs invade the better burned 
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sjrcs whereas mans desirable grasses arc smothered out on the un 
burned forest 

} Ho^ alout tic ar^inijcnt o "t t! esc lav is' Tiic con 

trosersv has declined Heforc rccogm ion of the fire rcsis ant charat 
tcristics of the conifers burning the understors cover met s rone 
objections Mans timber owners and cattlemen now pracricc pee 
senbed w inter burning as protcctw n against danugmg w ild fires 
4 Are Ttunsgcitrent phm Idely to pro i ie for h^l t / unun^ of the 
forest^ \cs liut at different time intervals according to the timber 
species. Lack of control over unscas^maldc fires is the outstanding 
obstacle to the progress of forcstrv and graying m much of this 
region 

Propcrlv shocked longlcaf pine areas nuv be rotatiomllv burned at 
intcrv ais of about 3 v cars one third of the tract being fired each s car 
This practice provides fresh pasturage and prritccts the forest from 
destructive fires Put frequent burning of lonj-leaf-slash pine s ands is 
poor practice because it will ehmmatc the more valuable slash pme 
Finng such areas at intervals of 8 to 10 scars, when tlic reproduction 
IS 10 to P feet tall favt rs slash pine (J2) 

5 Is pTcseril ed burning a aire all on soulheastcrsj forest ranges^ 
\o Too frequent prescribed burning can he sen luslv harmful to 
both timber and forage M inter burning at proper intervals acainst 
a stcadv m ideratc w md w hen soil and v cgctatmn arc moist has prov ed 
most successful The s<’iuchcm forests arc producing onlv about one 
half of their capacitv largclv ticcausc of uncontrolled fires. 

6 Is It practicable m this region to lill io^-'jhie trees by e! enncal 
means? \ cs. Control of w ced trees is as big a problem in the forested 
South as brush control on much of the w estem rane,c Scrub oaks and 
other undesirable trees compete wuh timber and forage growih from 
eastern Texas and Oklahoma to \ irpnu 

Campbell and Peevv (/^) found that ammatc is considerabh more 
effectiv e than the v anous other chemicals tested and should prcferablv 
be applied m winter For trees under P inches m diameter where 
the minimum of basal sprouts is desired, concentrated ammatc or ervs- 
tals should be applied in cups or notches chopped low on the trunk 
for trees over 12 inches in diameter, where moderate sprouting is per 
missible the chemical should be applied in fnlU at convenient chopping 
height, or the undesirable large trees can be cut and concentrated 
animate or crvstals applied to outer sapwood of stump top For 
dcstrucoon of brush, small trees, and sprouts the foliage should be 
spra> ed 
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Although frilling is the cheapest method, it does favor production of 
quite a fe\\ sprouts The cup and amniate crystal method is the most 
expensive but results in the least sprouting 
Sodium arsenitc, 2,4-D, and diesel fuel are unsatisfactory because of 
the origin of man> basal sprouts 
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MANAGEMENT CONSIDERATIONS 
COMMON TO RANGES AND 
RANGE LIVESTOCK 


Rangc-hvestock production is a continuous business. 
renirns compare favorably with those of other land uses, provided hotl 
the range and the animals are properly handled. Proper range use 
includes not only the harvesting of the forage crops but also main- 
tenance and protection of important resources, notably timber, water- 
shed, game, and recreauon. Such multiple land use requires con- 
sideration of all useful products of the area and careful planning to 
insure maximum continuous returns from all its resources. ^ 

In this chapter we consider approved or broadly recognized range- 
land practices to insure sustained forage returns. In some areas most 
of the points discussed should be applied; in others only a few need be 
instimted. Administrators and stockmen everywhere should be 
familiar wdth those broader principles and practices that are necessar) 
to prevent waste of forage, overutilization, and ultimately lower returns 
from the animals. 

Selection of Livestock According to Range Characteristics 
To obtain efficient use of the range, the kind of stock must be 
selected that is best suited to the area. Range Ian s i er grea y in 
the character of the forage and in many other ways. They also difter 
m the extent to which they need protection of their resources other 

than foraae. , , , ^ ,• u 

The factors that chiefly determine the kind of stock for w'hich a 
range is best suited are: character of forage, common-use range topo- 
graphical features, presence of noxious animals and plants, distribution 
of water, and certain local economic factors. 

OlARACTLR OF FORACE 

Grass ranges are better utilized by cattle and horses than by sheep 
and goats. Horses even more than cattle prefer grasses and grasshke 
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be more completel> utilized when stocked with both cittle and sheep 
But if a range can be reasonablj well utilized by one kind of stock 
there is no object in grazing two or more kinds in common (2^), 
particular!) w hen plants relished by both kinds of nniimls might be 
cropped too closel) Common use grazing is useful w here the number 
of each kind of stock is adjusted to the acreage and yielding power of 
the different types of vegetation It should achieve more complete 
grazing of the forage as a w hole without overgrazing of an) major plant 
community 

Dual-use grazing is useful on sheep range v/here moist meadows 
supporting grasses and sedges would be largely w asted unless proper 
numbers of cattle were admitted It is also economical on sheep range 
where cattle unavoidably drift onto the area In such instances, the 
rate of stocking by sheep must be reduced to conform with the esti 
mated drift of cattle { 4 ) 


Toi*ogkaph\ 

Livestock differ in their capacity and inclination to utilize forage 
in rough countr\ Cattle prefer level or rolling range, but altimde 
is of minor importance Although cattle usually overutilize forage on 
the flats and imderucilizc it on the hillsides, fairly satisfacror) grazing 
can be obtained by developing water and placing salting grounds m 
localities that will induce the cattle to work over moderately steep 
areas Some fencing and herding are usuall) necessarv regardless of 
the ocher measures earned out 

Horses raised m rough countr) make good use of rough range and 
w lU travel m in\ miles o\ er steep areas to obtain choice forage Horses 
reared on level lands, however, do not adapt themselves readilv to 
steep range and are content to feed chieflv on the flats 
Sheep and goats use rouglicr and steeper countrv to much better 
advantage than cattle The smaller, lighter bodied breeds of sheep 
arc cspcciallv well adapted to work over steep, irregular areas, indeed, 
the limiting factor in grazing such areas is the abihtv of the herder to 
handle his band Range that would be little used l>v cattle mav, under 
proper guidance of the herder, be grazed to full capacirv b\ sheep 
Choice midsummer conditions for sheep grazing are the cool, rugged 
mountain ranges of succulent herbage and browse, some of which lie 
above the commercial timber belt 

Nomocs Vmmvis VNoPivsrs 

Tlic abundance on some ranges of troublesome animals and plants 
often influences the selection of stock to be grazed 
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plants to other forage E\en coarse* drv grass is eaten b\ horses «ith 
good results and ^\uh greater relish than b% cattle Sheep also eat 
large amounts of grass— m fact, excellent lambs are reared on ucii- 
drained succulent grass range, but after herbage maturity sheep ^^llI 
usuallv take onl) the seed heads of fatored grasses Goats eat httlc 
grass but a\i 11 not start e where tender green grass is atailable Qttle 
(and to a lesser extent horses) also eat various forbs, but more selec- 
tneU so than sheep or goats (7, 24, 30, 31, 31, 41) Sheep will in 
variabU crop the palatable forbs closelv before subsisting essentialK 
on grass Shrubs are preferred b) sheep and goats more than bv 
cattle, but several shrub species arc browsed bv cattle and a few are 
taken bv horses (Chapter 10) Cattle and horses will seldom browse 
the shrub species closelv where abundant, palatable grass is available 
A combination of brow se and forb range is most fullv utilized b> sheep, 
whereas predommanil) browse areas are best utilized b> goats The 
most desirable brush range is one that is sufficientU open so that the 
animals can move about freelv to select the preferred herbage of grasses 
and forbs Both sheep and goats, in due time, will work their wav 
through rather dense brush, provided it is palatable and the soil is 
not w et 

Ranges with a large proportion of meadow and open grassland, and 
preferabl) w ith some shade trees present, are more suitable for cattle 
and horses than for sheep The latter scrupulousl> av oid w ct meadow s 
regardless of how fond thev are of the forage available Sheep and 
goats espcciallv like well drained ranges with abundant browse and 
forbs, but much forage on vvell drained meadows is destroved throuch 
excessive trampbng bv sheep m their search for preferred vegetation 
Patches of tall vegetation to furnish shade arc desirable for the daih 
“shading up’ of sheep and goats (?, 7, 31) These animals find their 
wav about rcadilv and utilize best timbered areas containing ‘wind 
falls or those w ith patches of dense thickets But cv en expert herdme 
w ill not prev ent losses caused bv small numbers of sheep or goats strav - 
mg awav from the band and getting lost 

Some ranges, w ith cov er combination of grass, forbs, and brow se, are 
almost cquallv suited to cattle and sheep In such instances the ques- 
tion often arises as to w hether one should not graze the area w ith 

Common Use 

A common or dual use range contains a forage combination— 
forbs, browse— that allows two or more kinds of stock to graze the 
area to advantage at the same time through the enorc season, or vepa 
ratcK during a part of the season Ranges w ich grass and brovise v'l" 
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be more completely utilized when stocked \utlt both cattle and sheep. 
But jf a range can be reasonably wtII utilized by one kind of stock 
there is no ol))ect in grazing two or more kinds in common {24), 
particularK when plants relished by bot!\ kinds of animals might be 
cropped too closely Common-use grazing is useful w’here the number 
of each kind of stock is adjusted to the acreage and yielding power of 
the different t>pes of vegetation It should achieve more complete 
grazing of the forage as a w hole w ithout overgrazing of any major plant 
community. 

Dual-usc grazing is useful on sheep range where moist meadows 
supporting grasses and sedges would be Largely w'asted unless proper 
numbers of cattle were admitted It is also economical on sheep range 
w'here cattle unavoidabh drift onto the area. In such instances, tlie 
rate of stocking hv sheep must be reduced to conform w ith the esti- 
mated drift of cattle (4). 

Topocrai»h\ 

Livestock differ m their capacin and inclination to utilize forage 
m rough country Cattle prefer level or rolling range, but altitude 
IS of minor importance Although cattle usuallv overutilize forage on 
the flats and underutihze it on the luDsides, fairlv sarisfacror)'' grazing 
can be obtained by developing water and placing salting giounds in 
localities that w'lll induce the cattle to work over moderately steep 
areas Some fencing and herding are usually necessary regardless of 
the other measures carried out. 

Horses raised in rough country make good use of rough range and 
Will travel many miles over steep areas to obtain choice forage. Horses 
reared on level lands, however, do not adapt themseh es rcadilv to 
steep range and are content to feed chiefly on the flats 

Sheep and goats use rougher and steeper councrj- to much better 
advantage than cattle The smaller, lighter-bodied breeds of sheep 
are especially w ell adapted to work over steep, irregular areas, indeed, 
the limiting factor in gnzing such areas is the ability of the herder to 
handle his band. Range that would be little used by cattle mav, under 
proper guidance of the herder, be grazed to full capacity' bv sheep 
Choice midsummer conditions for sheep grazing are the cool, rugged 
mountain ranges of succulent herbage and browse, some of which he 
above the commercial timber belt 

Nomous Animals and Plams 

The abundance on some ranges of troublesome animals and plants 
often influences the selection of stock to be grazed 
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management phases of range and stock 


Bloodsucking insects-\\3rble or other flics, gnats, mosquitoes, and 
the hke-are somenmes so disturtung to cattle and horses for a fc" 
weeks in the summer that it becomes impracticable to place thes^ 
animals on otherwise suitable ranges Lnless controlled bv DDT 
spravs, these pests, partioilarh at high elesation, ma% molest cattle 
and horses sescrelv enou^ to force them to spend most of the da\ 
under coser for protecnon This results in oicrgrazing of the con 
gesied areas and poof condition of the stock In some instances carde 
and horses are kept off the ranee until the fiv season has passed, but 
such dela\ usualK results in failure to use the forage at the peak of its 
nutrition- Since sheep, with their hcaw\ coienng of wool, are far 
better protected from these insects than cattle and horses, thes should 
ordmanls be selected to graze such infested ranges A herder is on 
hand to treat insect infested sheep, and losses from infection of insect 
induced wounds can be kept low 

Ranges that harbor numerous bobcats and cosotes on the other 
hand, ma> best be grazed b\ canie and horses These predators ma\ 
take a heaiw toll of Iambs and sTa\ sheep and cut deepK into profits, 
their damace to cattle, calves, horses, and colts is usualK negligible 
Areas troubled senouslv bv these predators arc now given special 
attention on the western range b\ Federal and state hunters and trap- 
pets Ths control program has resulted in mmimixing sheep losses 
m**asurablv on some areas 

Among the noxious plants, poisonous ones must be given closest 
attention, but mechanicalK in)unous speaes should not be ov erlooked 
Cunouslv , a plant poisfinous to one kind of animal max not ^eces^arllv 
be so to another speaes, morcov er, some toxic plants are almost w holU 
unpalauble to some animals (?2, ?J) On the w cstem range larkspur 
(Delpfirtimt ), for example annuallv causes heav> losses to cattle, 
whereas sheep graze it without distress, deathcamas {Zt^jdenus spp ) 
inflicts hcavv death losses among sheep but a'most none among canie 
because thev eat Iinic of it, St. Johnswort {Hypericinyi perforati/m) 
frequendv causes dlness among sheep but cattle are seldom troubled 
because thev seldom uke it. The presence of certain species of poison 
ous plants imv occasionallv determine the class of stock to be grazed, 
espeoallv m the hich mountains 

Among the mechanicallv m)unous plants foxtail barlev {Hordewn 
pibitmii), because of its awtis, causes much dis^res at matunev, espe 
ciallv among sheep A wbc practice, where mfcstatioru are hcav-v, 
IS to graze sheep ^forc the avvns appear and after the seed heads are 
cast. Another practice is to graze foxtail barlev areas with cattle, 
smcc thev arc less troubled bv the awns than sheep 
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Distribution or Water 

The kind of animal that should be selected to graze upon a given 
range may occasionally be determined more by the amount and dis- 
tribution of the w'ater than by the character of the forage and certain 
other local factors. If the watering places are too far apart, a con- 
siderable acreage adjacent to the drinking places will become seriously 
overgrazed. Where u’ater is hauled to the range, the kind of stock 
that will utilize the forage most efficiently should be chosen. 

Because of the importance of water for range stock, this subject is 
discussed in some detail later in this chapter. 

Economic Factors 

Occasionally all other factors in selecting stock for a range must go 
unheeded in favor of certain economic considerations. For example, 
even though the hay produced on the home ranch for spring feeding 
is coarse and eminently suited for cattle, the winter range may be so 
well suited for sheep that these animals will clearly yield the largest 
returns. If, on the other hand, the range is so fenced that either sheep 
or cattle may be produced with little additional care, tlie character 
of the hay produced may be the deciding factor in selecting the stock 
to be grazed. Then, too, the custom of the community— whether it is 
predominantly a cattle- or a sheep-raising area-may swing the decision 
in favor of the more papular livestock enterprise. Such a decision is 
favored by the local producers, and it often results in advantageous 
exchange in help at critical periods and in cooperative use of needed 
equipment such as corrals and dipping vats. 

Where the range-livestock enterprise is secondary to that of .some 
other form of production, cattle can usually be handled with less close 
attention than sheep or goats and would therefore yield the largest 
profit. 


Range Watering Places and Water Development 
On many areas of the West, and even on farm pastures in the more 
humid midwestern states, the water supply may not be adequate for 
the number of stock the range W’ill support. On some areas water 
supply is not available throughout the grazing season, and the stock- 
must be removed even though the forage is nutritious and plentiful. 
On other units forage is wasted because of tlie absence of water until 
snow becomes available to permit temporarj- use of the range. Rcgarcl- 
l<^ss of how' abundant or desirable the forage may be. the animals grazed 
must have all the water they need without excessive travel. Accord- 
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mgU range stoA water dctclopmcnt has receded much attention m 
recent \ears 

pRfL!\lJ^^R^ CoNbJDFKVnO'vS IN WaTIR DlAFLOPMFNT 
Good ranse management practices are not possible m the absence 
of adequate and properU distnbmed stock vater Before a nater- 
impro\ement program is undertaken, it is important to know what the 
water requirements are for the dififerent kinds of stock and what con 
stitutes sacisfactor% spacing of watering places 

■Water Development and Range TJuIuation Vo range can be 
properU grazed if distances between watering places are o%erl\ long 
PoorK watered ranges are usualK heaMU o\ergrazcd near water and 
underutilized awa\ from it The \alue of ihe unused forage can be 
ckTSch estimated but damage resulting from oiergrazing is difficult 
to appraise Financial loss also results when the animals lose weight 
or die b-cause of inadequate water 
In most ins-ances the cost of water dcselopment on poorI\ watered 
ranges lustifies the expense But if a range has sufficient water for 
the number of animals that it will support, additional water dexelop- 
ment will accomplish noihmg \ common error on man\ ranges is 
to increase Incstock numbers as water is de\ eloped rather than to let 
the new watenng places ease the pressure on presiousU oxergrazed 
spots around old watering pbces Additional water deielopment 
should chieflx be undertaken to improxe distnbution of the animals on 
the range and to use the range more efficientU and umformlx , thus 
insunng a more stable and profitable livestock enterprise 
Water Requirements of Range Stock. Since the amount of water 
needed and its distance vanes with the requirements of the different 
species of animal watenng places obvtouslv should be developed to 
meet the needs of the kind of stock chfisen to graze the area. 

•\hhough manv factors influence ingestion of water, particularlv 
the kind of stock, character of forage, adequacx of salt, climate, and 
season, dailv requirements are approMmatclv as follow s for cattle and 
horses, 10 to 12 gallons, for sheep and goats, 1 to 8 quarts Despite 
the influence of local factors, one can count on a dailv xvarer intake 
of 10 gallons for a mature range cow or horse and I gallon for a mature 
range sheep or goat 

Cattle prefer to dnnk dailv during the hot, drier summer months and 
approximatelv even 2 davs m winter Bentlev (j), working m 
nonhem California and using an automatic watering device, noted that 
all 16 cattle of mexed classes and ages grazed in a 537-acre pasture drank 
everv dav during the summer period, iramlv during dav light hours. 
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In spring, «hcn the fongc is high in moisture content, tittle tend to 

trn fo water onl\ once in 2 or 3 d‘i\s 

Horses ind burros probibK in pirt beemse they tnrel ibout more 
than cattle in their search for fonge, prefer to drinU et er> dir through- 
out the year The large amount of mature, dry 
ammals in u inter eyidentl> accounts for their daily drinking 

''“si,eerc"n go set eral daj s to set eral « eeks u ithotit drinking, depend 

mg o7the ayailability of succulent forhs frequency of " W 

deu and temneratuic Jirdme (25), « orking m Oregon reported that 
sheep could he grared yyith good results yiithout 
summer yyhen subsisting on succulent range forage, P™ ‘ded the> | 
some moisture from the atmosphere ^ 

It IS not necessary to dnye sheep to yyater oftener than every third 

Xteme of Watering Places The chief ob,ectives of undertaking 
a liLtock yyater development program is to P™'"''" 
tnbution of the animals oyer the range to put to use rejs^’O^^ 
forage yvould be yyasted because of lack of yyater, to improve the 
qX of the yyater and to insure bigger and more sustained finan- 

“u™ do best yyhen thev can f-VX'2"t^2t-irs 

the yyater Cattle should not haye to tray el ^an 2 to 2^ m 1 s 

to yvater on flat ranges free from rock sheep ma> travel 4 to 5 miles 

Xr ^mountain range, especiallv yyhere -1 <i„s l.ke.> 
to cause foot soreness, cattle should not have to Steers 

mileto yyater and sheep and goatsnot more than Smers 

and drv coyvs can trayel farther than coyys yyith calv s ^P 

and goats can coyer more ground thin eyyes 'V''' ‘rtnfeen Xng 
kids Horses and burros can trayel much 

grounds and yvater than all the other animals mentioned (2, 24, aO, , 
'*Lr best results to range and stock, permanent 

be so spaced that the number of reasonable radius 

not exceed the grazing c^p^clt^ of the n nl-ice 

On flat or rolling country not less than one permanent u a tering place 

should sen c each SO to 100 cattle In steep country , g P 

should be available to each 15 to 30 cattle Honnae to the 

That good distribution of yyater g'f 
range yyas demonstrated l>> Talbot (55) n a ra poorly 

one unit had ample, veil distnbuted yyater, and the other yyas poorly 
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watered. The degree of utilization, etprcsscd in percentage, is shown 

in Table 18. , . • i. r 

Even \Mth proper water spacings some local in)ur\’ to the torage 
will occur. Damage can be held to the minimum by appropriate han- 


TABLE 18 


Degree or Range Utiumtiov 


tyatered 

(Percentage 


Decree oj Grazing of Area) 

Overgrated 8 

Moderately to closely grazed 69 

Lightly grazed 19 

Practical!) unused 4 


Poarlj IVatered 
(Percentage 
of Area) 

29 

44 

19 

8 


dling of the animals, suitable seasonal use, ample, rationally spaced salt 
grounds, and in certain other ways indicated by the locality. In many 
instances permanent watering places may be interspersed with tem- 
porary watering centers to foster better livestock distribution. 


Practical Means of Stock-Water Developmfnt 
Additional range-stock water can be provided by natural improve- 
ment and artificial development. Natural water improvement includes 
cleaning out and preser\’ing springs, seeps, and swamps; artificial de- 
velopment deals with building of wells and reserv’oirs. 

Dr\ELop.MFNT OF Natural Water Supply 
Except U'here streams supply the needed stock uater, it will pay to 
develop most springs and seeps. Dangerous bog holes have sometimes 
been transfonned into useful watering places. 

Springs. A spring is a natural, fairly steady flow of subterranean 
Nvatet Nshveb seacbes vVve sviiiace tVnemgb a crevice in the earth or rock. 
The flow from many springs can be increased by cleaning and protect- 
ing the springs from trampling by stock. 

Before spring improvement is undertaken, the flow should be checked 
at various intervals during the grazing season to ascertain its quantity 
and reliability. The cleaning can best be done by digging out the 
ground about the spring. The excavating should be done near the 
point where the water emerges from the underlying rock, preferably 
down to bedrock. The excavaaon should be curbed or walled, prefer- 
abl\' with concrete or other mastnin’, or with a wooden frame. An 
outlet pipe should be placed several inches above the bottom curbing. 
A closely fitting, removable wooden lid or flat rock should be used to 
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exclude debris. During freezing temperatures the pipe should be 
closed at the intake, then drained, and a spillway provided above the 
pipe outlet (2). 

Where the flow is lost through seepage, as on hillsides, an open cut 
below the spring will collect the water, or the muck may merely be 
removed from the floor and a dam built, approximately a foot high, in 
order to raise the water level above the end of the outlet pipe (18). 



{Courtesy of V. S Forest Service) 


Fig 67. A spring, after ha\nng been cleaned out and curbed, was fenced as 
protection against trampling by cattle. Planb-built troughs set end to end con- 
serve the water and keep the site dry. 

Springs with large flow, or those in wet soil, should be securely 
fenced against stock (Fig. 67). The drinking trough should be located 
on well-drained soil several feet beyond the fence. Small to medium- 
sized, securely curbed and fenced springs have recently been developed 
at a cost of from SlOO to about $250 each. In Oregon in 1937, {36) 
the average cost of spring development, including a concrete box catch- 
ment basin 3' x 3' x 3' inside, was as follows: 


8 sacks cement S 8 

50 ft. 1" pipe at 10^ 5 

Fencing material 10 

Labor (excavating, fencing, sctnng trouglis, etc ) 77 

Total SIOO 
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workmen to insure tliat 'll! moving p-irts ire in id;ustment Effects e 
opention and upkeep expense of the null will be governed b\ keeping 
moxing parts oiled and bolts tightened Where wind is not depend- 
able, the pump IS powered with i gasoline engine Suitable designs 
are axailable on the market 

Water Storage Adequate water storage mvist be provided if a 
pumping plant is to be reliable During long calm periods or when 
breakdow ns occur lack of storage faciliaes ma\ cause serious livestock 
losses or heavy expense and incon\ eniencc in hauling w ater A supply 
of water sufficient to take care of the animals for at least 1 week is 
ad\ isable 

Where possible, the well should be located somewhat higher than 
the resen oir to give tlie water the necessary fall Earthen, metal, 
cement, or masonrj storage tanks are commonly installed, depending 
on materials axailable Good storage places can sometimes be made 
by blasting out rock on the side of a cliff or ledge and wallmg up the 
front with dirt, concrete, or masonry Combined storage and drinking 
tanks of concrete or steel are popular m some localities 
Troughs and Tanks Adequate numbers of substantially built 
troughs tanks, and even reservoirs are indispensable to a properly 
watered range Trough facikcics are chiefly' determined by the avail 
able flow, character of the location, and number and kind of stock 
grazed There should be enough trough capacity to take care of all 
the animals drinking at any one time Since range sheep are usually 
handled m bands, more trough space is required for them than for 
cattle Eot a band of sheep a senes of lectawgwl'M shaped troughs 
set end to end serve best When the tanks are placed so that the 
animals can w^ter from both sides nor less than 75 linear feet of space 
and a capacitv of about 2000 gallons should be piovided, even so, the 
band would have to be divided into sev'eral small floci s for watennsr 
Troughs may be made of various materials in the vicinity of the 
watering place Where suitable timber is available, log troughs are 
often bviilt Troughs made of planks 2 to 3 inches thick, mortised 
together, nnd braced with iron rods at top and bottom, and painted 
inside and outside, are common and satisfactorv (Tig 67) For slieep, 
such troughs should be 10 to 14 inches wide, and for cattle, 14 to 16 
inches Circular or rectangular tanks or troughs built of No 16 
galv anized sheet iron are also popular, since they combine light w eight, 
durability, and moderate cost (Tig 6SA and B) Concrete troughs 
or tanks, v\ hen properlv installed and kept drained during cold w eather 
■^rc also durable 

Height of the tank abov c ground and the footing around the rank 
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rr^nt For cattic <he ton should not exceed 16 inches above 
ave 10 inches. The troughs should be placed 

fn substantial foundations on well-drained areas. 

aLnd a tank can be improved by adding a mature of broken rock. 



Fic. 68. Tanta conunonly used for uaicring cattle and horses. A, Oval- 
ended galvanized sheet iron tank set on concrete foundation; B, steel-reinforced 
circular concrete tank located on a flat with a firm, uell>drained soil surface. 


sand, and gravel. To avoid formation of mudholes and waste of water, 
a float valve should be installed at one end of a partitioned-off and 
covered ponion of the tank. 

Tanks should be kept clean. The green algae, the most troublesome 
growth, can be destroyed by a small amount of blue vitriol, that is, 
cr>'Stalline copper sulfate. A teaspoonful of blue vitriol placed in a 
bottle with small slit in the cork to permit the solution to be liberated 
slowly will keep the algae out of a small tank for the season (-f, 57)* 
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Dams and Reservoirs. Where drainage and topography are favor- 
able, dams and reservoirs may provide the cheapest supply of stock 
water (Fig. 69). Although some structures of this kind retain water 
for many years, they are usually built to supplement the more per- 
manent water supply, since they arc seldom long-lived. 

The most common practice is to build dams or reservoirs across a 
channel. Often a resenmir is located between two drainage channels, 



(Courtesy of U. S. Soil Conservation Service lyN S33S6) 


Fig. 69. Earthen dam built at lower end of site close to center of sheep range. 
Such man-made watering places are essential to much of the western range region 

and the water is carried to it by a ditch or through pipes. Diversion- 
filled reservoirs of this kind are less subject to damage from floods than 
cross-channel dams. 

Reservoirs are most cheaply formed by building earthen dams, but 
concrete and masonry dams may be used where the soil is porous. 
Type of soil is important in obtaining a watertight reserv'oir. Clay 
soils with a goodly mixture of sand and gravel are most desirable; 
coarse-te\tured soils are unsuitable. Pure clays crack badly when dry 
snd may slump when wet. 

The ideal location of the reservoir is near the center of the range, 
easily accessible to stock with good approaches from many directions, 
f^irt for the embankment should be available. A flat or plateau may 
provide a good location if the reservoir is to be filled from a ditch that 
cables the water from a stream. 

The size of reservoir will chiefly be determined by the period of 





?ifi M\\\c.r\uM inwsor H\Nc,i wdsiock 

range use nuin!)cr of ^tock cra/cd frequence of filline loss frojj) 
seepage and csnporation and rate of rcducfi >» in cipicits from silting 
In the Southwest the resen oirs least hkcK to go dr\ from cvapontion 
arc 12 feet or more deep and as lonit as poss We (}S) 

Although salting on a new dam to induct animals to trample and 
settle the embankment is dcsirafilc protection bs fcncimr « il! be ncccs- 
san later as discussed below 

Spillways Regardless of how well built a dam i«i\ be, part <ir all 
of the cnihankmcnt can be dcstros cd if adciiuatc provision is not made 
to carr\ awa\ the excess water 

A common error is to build a spillwax too small to allow for rcadv 
discharge of the water that rushes into the reservoir from a beat v ram 
storm Faulu ti nstriitti m of spiUwavs that allows the water to cur 
under the floor mav result in irrcpiraldc inpirv to the embankment 
Anrthcr error is that of locating the spiUwax at too Inch a level A 
good rule IS to plate the spillvvav low ctioulIi so that the water will 
begin to flow one when it gets vvatlun J <ir 4 feet of the top of the 
embankment 

The capatitv of the spdivvav is also an miportanc factor In cross 
section the floor should lie level to fatilitarc waste viatcr passint? 
through in a wide thin sheet Spillwavs cut through bedrock arc 
preferable bur canhen spillwavs arc cheaper and sene fairlv well, 
cspcciallv if sodded to cheek erosion 
Pipe Lines, Most water sf>urtcs such as vpnngs seeps and reser 
voirs need pipe lines leading to troughs and tanks Tlic lines mav ex 
tend from a few feet to several miles and often require large invest 
ments For short distances, I inch pipe mav he used !>ur at distances 
of 14 mile or more diameters of not less ihan J to 2 inches 'hould be 
cmplov ed Inukc boxes and protective screens should be installed for 
all pipe lines M here hear is intense expansion joints should be put 
m where freezing occurs pipe lines should be buried Galvanized 
iron pipe is recommended and 5 <» arc random lengths which run 
from 19'/ to ^1'/ feet and arc cheaper than uniform lengths The 
line should be laid as straight as possible to prevent clogging If ncces- 
sarv, clogging can be cleared In passing a No 9 wire through the 
pipe or sometimes bv mcrciv forcing air throuch it 
Protection of Storage Units Most rcsen, oirs should be fenced after 
the dam has settled Otherw isc the w idth at the top bank is gradualtv 
reduced and the structure weakened Mhercgravitv flow is adequate 
complete fencing of the storage unit is recommended Onlv where 
the storage unit is too low for the water to flow to troughs in desirable 
locations should the stock be allowed to dnnk direcclv from the reser 
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voir. E%cn so, fencing of crit.cnl paits of the reservoir is good prac- 
tice Tor eNaniple, fencing to exclude stock from vulnerable spillu ays 

should not be neglected . , 

Fencing aUo^^s better control of the stock, permits closing of the 
permanent uater to correspond uith the grazing seasons, 
stock water for emergencies, and allows placing the troug 

animals will not mire dow n ^ i 

The life of reservoirs often depends upon rate of accumulation of 
eroded material The best silt-control measure is to maintain the best 
cover practicable over the watershed This implies conservative graz- 
ing, proper seasonal use, and good livestock handling 

ClLing out reservoirs that have filled with eroded material is some- 
times cheapei than building new storage basins Where the exis g 
reservoir is desirably located, removal of the silt deposits is ustified 
even if it is somewhat more expensive than ^ 'r 

Where adequate range stock w ater is availa e w e “ 
has passed the peak of its nutrition, a portion of the remaining feed can 
be utilized by supplementing the deficient nutrients 

SupplementalRange Feeding for More Profitable Livestock Production 

Supplemental range feeding provides livestock food ^ 

to balance nutritional deficiencies m the namra orage l *Ug 

considered, complementarv feeding includes t ose pe 
stock may be held on cultivated pasture, stubble fields, or in feeding 
yards when range forage is inadequate or unavai a e -p, ,, 

The nutrmve levels of range food plants vary vvidely (Chop “ J). 
depending on stage of growth, inherent nutrmonal ^‘ff^ences m spe- 
cies feruhtv of the soil, and climatic conditions during and after 
completion of the growth cycle {IS, IS). Still, 
standard practice in much of western United States O" “ 

perennial grass ranges the foiage, even in winter, suppo g, 

fairlv well in average years, yet some supplemental d-ng 
pav s Frequent heavy fall and winter rams leach out ^ 

and the sun destroys some essential substances, notably vitamin A, f 

'"n'cr^alt t’o"pe;enn.al grass ranges, grass stands such as occu e 

tensivelv on California foothill and valley ranges *9^1' feline 
food value earlv in the summer. The forage ripens J‘ "c, -ence 
the animals mus't subsist on drv, bleached vegetation ^ 

unless other pasturage is available On these siTpk^ 

feeding should usually begin in August and continue thro g J 
or until green feed is again plentiful {/<?)• 
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Classification and I lnciions of I mf^tock Fffw 
TItc chemical composition of plants and animals is rcmarkablv 
similar Composition ma\ be broadU grouped into three classes 
water, organic matter and mineral matter About 75 to 85 percent 
of the fresh weight of \oung growing segctation is ssatcr, approxi- 
mateh 20 percent is organic matter, and about 1 percent is mineral 
matter A cattle carcass m good condition has about the same pro- 
portions of these compounds as green plants 

Water Through water as the medium s\nthcsi7cd plant substances 
enter into lanous chemical reactions and rccomhmanons and arc trans 
ported as food and energv to tanousparts of grow mg tissues. Also h\ 
maintaining \egetal succulence, water content m tiholcsomc plants is 
an index of high nutntion palatabilitv , and food cnergv for animals 
Water in the animal bod\ is as indispensable as m plants Among 
other things water scrscs as a dispersing medium m promoting cell 
reacnons and in ahsoriimg and dissipating the heat of these reactions 
Vanous chemical interactions in the animal arc brought about b\ « ater 
It dissohes Aanous organic and inorganic substances and stimulates 
chemical interaction 

Organic Matter These compounds, which compose most lising 
matter in plants constitute a ma|or source of cnergA for life processes 
of plants and animab The\ maj be broadh classed as carbohsdrates 
lipids and proteins (Chapter 3) 

Carbohydrates These substances— products of pSotosN nthesis— are 
composed of carbon h%drogen andoxsgen ThcA account for about 
three fourths of the drs w eight m plants and arc the source of the 
major food cnergv of plants and animals The most important carfao- 
h\drates m plants arc the simp'e sugars or monosaccharides notablv 
pentoses and hexoses, the complex sugars or poK saccharides, such as 
cane sugar or sucrose, malt sugar or ritaltose, and milk sugar or lactose, 
and the pentosans starch and cellulose or fiber In living plant ceils 
numerous pentose molecules tend to be linked to one another to form 
a polvsacchande molecule Slight though the chemical differences 
are between starch and cellulose thej have profound consequences 
in animal nutrition The digestive tract, for example, secretes enzv mes 
that h\ drol> ze starch to glucose or maltose units, to be utilized in body 
building or as a source of energy Cellulose (and pentosans) are of 
lesser food value than starch Their partial digestion is accomplished 
b> baaena that are present in the digestiv e tracts of grazing animals 
Readily assimilated carbohy drates are supplied at critical periods on 
the range bv feeding such cereal grams as com, barlev, oats, or sor 
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ghums, and b> providing by-products such as dried beet pulp and 
similar local feeds 

Lipids {Fats, Otis, and Related Substances) These compounds are 
also composed of carbon, h\ drogen, and o\\ gen, and some closely 
related compounds ha\e, m addition, phosphorus and nitrogen Being 
soluble in ether, thev are referred to as ether extract Many of these 
compounds occur in small quantin in plant and animal tissues but 
perform indispensable functions The most familiar lipids (esters) 
are the fats and oils An oil differs little from a fat m its chemical 
nature, but the melting point is lower, usualh occurring at ordinar\ 
atmospheric temperatures 

Animals can convert carbohydrates into fats and digest the fats that 
the) consume Fats constitute the most concentrated source of energv 
in animal and plant tissues Cereal grams notably com, and also 
cottonseed, are rich in fats 

Protein The term protein includes a large group of physiologically 
distinct but closely related substances This important group com- 
prises all nitrogenous materials in feeds— termed cuide protein— 'ind 
furnishes nutrients for growth and repair of muscle, nerve, and glandu 
lar tissue— indeed, for the enure animal body \ oung forage and lean 
meat are rich in protein Occurring as natural combinations of ammo 
acids, proteins contain carbon, h\ drogen, oxvgen, nitrogen, usually 
sulfur and phosphorus, and someumes iron, avhich are essential con 
sutuents of all living plant and animal cells The animal obtains his 
protein m the form of essential ammo acids from the vegetation it eats 
Protein ma> also be oxidized in the animal body to produce heat, or 
It may serve as a source of energy, costly though it is to meet de- 
ficiencies m carbohydrates and fats {26, 28) 

Deficiencies of protein and such minerals as phosphorus and calcium 
frequently occur together Cottonseed cake and linseed meal are rich 
m protein and phosphorus, and roughages such as alfalfa and clover 
hays are high in protein and calcium 
Mineral Matter More than 30 elements have been found m the 
higher plants and animals Calcium, phosphorus, potassium, chlorine, 
Jron, magnesium manganese, sodium, silica and sulfur are found in the 
^h of all higher plants and animals, and aluminum boron, cobalt, cop 
per, jodme, and mol) bdenum are usualh present Most of the elements 
listed above are essential to plant and animal bfe, but few are so 
limited in pasture forage that the) cause deficicncv diseases 
Calcun/i and Phosphorus Phosphorus is often deficient m mature 
forage, and the calcium phosphorus rauo is frequentl) disproportionate 
in the growing season {21) These constituents are closeh asso- 
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ClASSIFIDXTION and Fl-NcriONS OF LnESTOCK Ffids 
The chemical composition of plants and animals is remarkably 
similar Composition ma> be broadly grouped into three classes 
water, organic matter, and minerai matter About 7S to 9S percent 
of the fresh weight of joung growing \egeration is water, approxi- 
matelv 20 percent is organic matter, and about I percent is mineral 
matter A cattle carcass m good condition has about the same pro- 
portions of these compounds as green plants 

"Water "Through water as the medium synthesized plant substances 
enter into various chemical reactions and recombinations and are trans- 
ported as food and energv to \ anous parts of grow mg tissues Also, by 
maintaining vegetal succulence, water content m wholesome plants is 
an index of high nutrition, palatabiittv , and food energv for animals 
Water m the animal body is as indispensable as m plants Among 
other things, water serves as a dispersing medium m promoting cell 
reactions and m absorbing and dissipating the heat of these reactions 
Vanous chemical interactions in the animal are brought about bv v\ ater 
It dissolves various organic and inorganic substances and stimulates 
chemical interaction 

Organic Matter These compounds, which compose most living 
matter in plants constitute a nu)or source of energv for life processes 
of plants and animals The> ma> bebroadK classed as carboh>drates, 
hpids and proteins (Chapter ?) 

Carbohydrates These substanccs~products of photosv nthesis— are 
composed of carbon, hv drogen and owgen Thev account for about 
three fourths of the dr^ weight m plants and are the source of the 
major food energy of plants and animals The most important carbo- 
hvdrates m plants are the simple sugars or monosaccharides, notablj 
pentoses and bexoser, the complex sugars or poivsacchandes, such as 
cane sugar or sucrose, malt sugar or maltose, and milk sugar or lactose, 
and the pentosans, starch and cellulose or fiber In living plant cells 
numerous pentose molecules tend to be linked to one another to form 
a poJvsacchande molecule Slight though the chemical differences 
are bervi cen starch and cellulose, they have profound consequences 
m animal nutrition The digcstnc tract, for example, secretes enzvmes 
that h) drol>' 2 e starch to glucose or maltose units, to be utilized m bod> 
building or as a source of cnerg> Cellulose (and pentosans) are of 
lesser food value than starch Their partial digestion is accomplished 
bv bactena that are present jn the digestive tracts of grazing animals 
Readil> assimilated carbohydrates are supplied at cntjcal periods on 
the range bv feeding such cereal grains as com, barlev, oats, or sor- 
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ghums; and by providing by-products such as dried beet pulp and 
similar local feeds. 

Lipid! {Fats, Oils, and Related Substances). These compounds are 
also composed of carbon, hydrogen, and oxygen; and some closely 
related compounds have, in addition, phosphorus and nitrogen. Being 
soluble in ether, they are referred to as ether extract. Many of these 
compounds occur m small quantity in plant and animal tissues but 
perform indispensable functions. The most familiar lipids (esters) 
are the fats and oils. An oil differs little from a fat in its chemical 
nature, but the melting point is lower, usually occurring at ordinary 


atmospheric temperatures. 

Animals can convert carbohydrates into fats and digest the fats that 
they consume. Fats constitute the most concentrated source of energy 
in animal and plant tissues. Cereal grains, notably com, and also 
cottonseed, are rich in fats. 

Protein. The term protein includes a large group of physiologically 
distinct but closely related substances. This important group com- 
prises all nitrogenous materials in feeds— termed etude protein~anA 
furnishes nutrients for growth and repair of muscle, nerve, and glandu- 
lar tissue-indeed, for the entire animal body. Young forage and lean 
meat are rich m protein. Occurring as natural combinations of amino 
acids, proteins contain carbon, hydrogen, oxygen, nitrogen, usually 
sulfur and phosphorus, and sometimes iron, which are essential con- 
stituents of all living plant and animal cells. The animal obtains his 
protein in the form of essential amino acids from the vegetation it eats. 
Protein may also be oxidized in the animal body to produce heat, or 
it may serve as a source of energy, costly though it is, to meet de- 
ficiencies in carbohydrates and fats (2(5, 28). 

Deficiencies of protein and such minerals as phosphorus and calcium 
frequently occur together. Cottonseed cake and linseed meal are rich 
in protein and phosphorus, and roughages such as alfalfa and clover 
hays are high in protein and calcium. r , . , 

Mineral Matter. More than 30 elements have been found in the 
higher plants and animals. Calcium, phosphorus, potassium, chlorine, 
iron, magnesium, manganese, sodium, silica, and sulfur are found in the 
ash of all higher plants and animals; and aluminum, boron cobalt, cop- 
per, iodine, and molybdenum are usually present Most of the elements 
listed above are essential to plant and animal life but feu are so 
limited in pasture forage that they cause deficiency disiiases. 

Calcium and Phosphorus. Phosphonis is often deficient in matuq 

forage, and the calcium: phosphorus ratio is frequent > ispropo lonatj 

late in the growing season (2i). These constituents are closely assr 
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ciated m the animal bodt thcj tend to combine tilth and supplement 
one another A fairl> close ratio must ctist Iietneen calcium an 
phosphorus hoMctet dairt caltes hate been raised on a calcium phos 
phorus ratio as ttide as 6 S 1 (2«) Although a ratio of 1 or 2 parts 
of calcium to 1 part of phosphonis is ideal the percentage present is 
also important Deficiencv of these elements produces characteristic 
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Where the nnge fonge is deficient m set eral essential constituents, 
including phosphorus, the best practice is to feed some supplement 
such as alfalfa hay or cottonseed cake Where phosphorus constitutes 
the only deficicnc>, it is cheapest merely to supply this mineral in the 
drinking ttater or to feed finely ground, steamed bonemeal especiallt 
prepared for li\estock 


This product contains about BO percent calcmin and 15 percent phospliorus 
FcrtdKer bonemeal is not eaten readilj because of pronounced odor (25) Animals 
should he allowed to consume all the bonemeal thej w ill tal e The dailj mimraum 
requirement per 100 pounds of bodj ave.ght is placed at 2 0 to 2 4 grams of 
phosphorus an In low phosphorus range areas a mamre cow maj take from 4 
to 70 pounds of bonemeal a >ear (S) A mixture of bonem-al and salt is not 
recommended for animals will sometimes consume the mixture to get the sodium 
chloride when phosphorus is not needed or the, may tal e more common salt than 
IS desirable xvhen they are hungry for phosphorus Spent boneblack is ^“'her 

phosphorus carr, mg product aaailabic on the marl et t is e intiesame 

as bonemeal but contains onl, about one half as much phosphorus Other of these 
products brings about immediate stimulation of appetite and mote eff-ctive use of 
the food consumed b> phosplxorus hungr> animals (?•#) 


The use of a fertilizer that is rich in phosphorus usuall, results in 
increased forage grot\th and m a nutntionalh balance ee so ong 
as adequate phosphorus remains aaailable to the \egetation ( ) 

A most recent and highU recommended practice of supplying phos- 
phorus on the range is to dissolve this mineral in the drinking u ater 
(«) This may be done bv putting 6 5 grams disodii^ phosphate 
(containing 20 percent P O,) in 6 gallons of u ater The resulting 
phosphorus concentration is adequate x\ hen the anima rin s t e 


normal quantity of xvater 

Other Minerals Sodium and chlorine, best known in combination 
as common salt, must usually be supplied to meet normal physiological 
requirements of range animals Insufficient salt ma> cause epra, e 
appetite, lusterless e> es, and a shagg, coat («, 9) Sodium and chlorine 
occur largely in the intracellular fluid where the, function to maintain 
osmotic pressure Proper balance between sodium chlorine and water 
IS important , , , 

Iodine dc6cienc> accounts for goiter, stunted grown, an poor re 
production of livestock It is a problem m larious northern areas of 
the United States, chief!, west of the 100th meridian (Hg 70) 1 

can be corr.eted In feeding iodized stock salt containing 0 02 pcrcen 
potassium iodide (26) Commerciallv available mh'zad block 
usilallv contains the proportion of iodine needed Nothing is accom 
phshed bv feeding iodine in localities where goiter has not occurred 
Copper, cobalt, and iron deficiencies occasionallv cause malnutrition 
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vn both phnts ind range luestock Merc trace, of these elements are 
needed Iron and copper deficienc) occurs m some localities of the 
United States notab\> m Tlonda, where it is cspcciall> noticeable in 
the suckling stage of animals, since mdk contains little of these elements 
Recover) is rapid when livestock are fed all thev will take of a com- 
bination of 25 pounds of red iron oxide and 1 pound of pulverized 
copper sulfate thoroughlv mixed m 100 pounds of common salt (28) 
Green \ egetation is rich in iron Cobalt deficiency m liv cstock, called 
“coast sickness” jn New Zealand, ‘bush sickness” in Australia, and 
wasting sickness in Florida, mav be corrected bv using a cobalt salt 
as fertilizer on suspected pastures 

Magnesium, manganese, potassium sulfur, and rmc arc also ap- 
parent!) essential to grazing animals It is doubtful, however, if these 
minerals become limiting factors m the welfare of range livestock sub 
sistmg on natural range forage 

Selfcting Firos for Sti*PLFME\Ti\r Rv\cf Foracf 
Earl) spring, late fall, and winter are nutrnionalK most critical for 
livestock on perennial pasture, earl> spnng and summer is most critical 
on annual ranges It is of great economic importance to keep the 
voung animals growing and the breeding stock in thnfey condition 
at all times (16) 

Classification of Common Feeds As a guide to the value of exten- 
sivelv available concentrates and roughages, the more common items of 
stock foods arc classified m Table 19, according to Miller (27), m 
relation to their digestible nutrients 
Among the most popular protein concentrates for range livestock 
are cottonseed meal or cake, and Imsced oil meal Other of these is 
fed to cattle at the rate of I or 2 pounds per da\ (Fig 71), and to 
sheep at about V* to ‘/> pound a day Well-cured alfalfa and clover 
hays are high m protein, calcium and vitamin A, hence are especiall) 
valuable roughages for >oung and pregnant stock m winter 
As a rule, it does not pa> to feed stocker (breeding or growing) 
animals so heavih in winter that thej greatlj increase m body weight 
\oung animals will build good frames and remain thnftv without 
much increase m weight durmg winter months When placed on 
green spnng feed, thnftv animals will make remarkablv rapid, cheap 
gams 

Stocker animals are usually kept on a maintenance ranon during 
winter months A 1000 pound cow on a maintenance ration requires 
about 61^ pounds of total digestible nutrients per da), of which 0 6 
to 0 7 pound should consist of digesnble protein (26, The carbo- 
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TABLE 19 

n Matter Ash. Digestible Nutrients, Calcium, and 

POUNOS OF Common Fefof 


Total 

Dry 

Feeds Matter 

Corn, dent, well dried 88 5 

Barley, common, eastern 90 4 
Barlej , Pacific Coast states 89 9 
Oats, Pacific Coast states 91 2 
Wheat, Pacific Coast states 891 
Milo maue, gram 89 4 

Rice, gram or rough nee 88 6 
Wheat bran, all analjses 906 
Rice bran 

Cottonseed meal or caV.e 
(43 percent protein) 

Cottonseed cake (28 per 
cent protein) 

Linseed meal, old process 
Barley screenings 
Molasses, cane 
Molasses, beet 
Alfalfa hay, all analjses 
Barley ha) 

Oat hay, wild 
Sudan grass hay, all 
analyses 

Bean straw, field 
Barley straw 

Corn silage, well matured, 
all analyses 28 3 

Mangels, roots 9 4 

Beet roots, sugar 16 4 

Beet tops, sugar 114 

Pumpkins, field 10 ^ 

Bur clover, green 20 8 

Filaree, green 16 3 

Grasses, mixed, immature 29 7 


91 1 

' 93 5 

94 7 
91 3 
88 6 
74 I 
80 6 
904 

91 9 

92 5 

89 2 

89 1 

90 0 


Total 

Digest 

tble 

Ash 

Protein 

14 

74 

29 

93 

26 

69 

37 

70 

1 9 

85 

1 9 

87 

50 

63 

60 

131 

10 8 

88 

55 

35 0 

44 

231 

55 

30 6 

42 

8 1 

94 

09 

103 

25 

83 

10 6 

68 

49 

68 

36 


80 

74 

60 

17 
10 
I 1 
20 
09 
23 
30 
30 


43 

30 

09 

I 3 

10 
12 
I 9 
1 3 
37 
24 
36 


Total Di 
gesltble 
Nutrients 
83 7 
78 7 

78 8 
72 2 
83 6 

79 9 

69 1 

70 2 
67 7 

75 5 

70 9 

76 2 
60 8 
56 6 
58 8 
50 3 
54 1 
48 7 

48 5 
45 2 
44 5 

187 

73 
13 8 

74 
9 0 
12 8 


tije 

Cal 

Phos- 

ratio* 

Ciiim 

phorus 

1 10 3 

0 01 

0 28 

1 75 

0 05 

0 38 

1 10 4 

0 05 

0 40 

1 93 

0 09 

0 33 

1 88 

0 03 

0 43 

1 82 

0 03 

0 34 

1 10 0 

0 05 

021 

1 44 

0 12 

1 32 

1 67 

008 

1 36 

1 1 2 

0 24 

1 11 

1 21 

0 17 

0 64 

1 16 

0 33 

0 86 

1 65 



1 619 

0 56 

0 06 

1 22 5 

0 05 

002 

1 37 

143 

0 21 

1 10 0 

0 27 

0 29 

1 125 

0 22 

0 25 

1 10 3 

0 31 

0 24 

1 14 1 

167 

0 13 

1 48 4 

0 32 

ooa 

1 13 4 

0 07 

0 06 

1 63 

001 

0 03 

1 10 5 

0 03 

0 04 

1 29 

015 

0 04 

1 59 


0 04 

1 25 

0 25 

0 07 

1 27 

0 29 

0 07 

1 4 6 

0 24 

010 


.XT* ’ L u of dicestible protein m roughages and other 

Nutntive ratio shows the proportion oi S i,p.,veen the dieestible protein and 
feeding stufFs It expresses the 2 25 It is calculated as follows 

the digestible carboh)drates plus the digestible fats times ^ za 

nUFO„n free cx.rac. + ^ 

Digestible protein 
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,n drate requirements a ary according “ ^ “^^S^„"r;;eed more' and 
rsS”l"for abcutToo days during the nongrazing season 



Fic 71 Fcedng nuggets of cottonseed calte to steers on blucstem 
earl> autumn Although bluestcm pasture is ideal svhle ^ 

proK n and cem n other nutnroB after maninty as are many F” , 
Manhattan Kan (Co nrij of H fe B KoroieHr r-ho ir feed TC ' " 


The kind and amount of feed supplied to Stocker animals dunng u int'f 
sanes Mith locality For sheep alfalfa hay ranks high Whenh 
IS espensne oats com cottonseed cake and uhcat screenings 

be fed with local inespensiie roughages 

TJse of Silo The possibility of conserving Inestock ' 

,1 inter bs storing roughages m a trench silo should not >>= o'"'"" 
Vanous cheap feeds that might othcrttise be Masted can b' 

Cactus and Soaptree Yucca as Emergency Feeds Drought' 

„so„s occur so freque:^ .n ~ 

“p\%rdu:rs:v."e™ 
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stock in poor forage years have been prevented by use of these 
plants {39). 

Grazing Upon Cactus, Cacti var>^ from flat-jointed, relatively spine- 
less plants to spiny forms of prickly pear and to those with cylindric 
joints of the heavy-frmtmg chollas. Several species of these prickly 
plants are useful as emergency stock food. Spineless cactus has been 
cultivated and hand-harvested to some extent for stock food. In 
natural stands the thorns are singed off with a cactus torch burner; 
one man in a day can singe stands weighing from 7000 to 1 1 ,000 pounds, 
or the equivalent of from 1600 to 2500 pounds of dry matter (i4, 59). 
Feeding singed cactus on the range greatly increases the utilization of 
the associated grasses and other plants- Since cacti are high in per- 
centage of carbohydrates and low in percentage of protein, cotton- 
seed cake or other protein-rich feed should be supplied {19). Another 
method of utilizing cacti is to cut up the joints with a pear-cutting 
machine. Singeing cactus plants as they stand on the range is least 
expensive and most convenient, but the operation must not be done 
so closely as to destroy the outer living brandies and trunks or remove 
the fruit-bearing branches. 

deeding Soaptree Yucca Silage. Soaptree yucca occurs from western 
Texas to southern Arizona. Although the green leaves and young 
flower stalks of this plant arc grazed by cattle to some extent before 
the spring growth of grass is available, the greatest value of the tree 
is for silage for use during emergency feed periods {12). If fed for 
many weeks, some concentrate, such as cottonseed cake, should be 
supplied, because the protein content of soaptree is low. From 15 
to 20 pounds of chopped soaptree yucca, with 1 to 1V5 pounds of 
cottonseed cake or meal daily, will maintain breeding cows in thrifty 
condition. Ordinarily, the cost of this feed combination varies from 
about $1.50 to $2.00 per month. Only the larger plants should be 
harvested, but a few adult plants should be left for seed production. 

Computing Tonnage of Haystacks. It is important to know in 
advance of the feeding season the amount of hay on hand and to be 
able to compute the tonnage in haystacks. If hay alone is fed, one 
should plan on feeding about 20 pounds per mature cow daily; that is, 
per 1000 pounds animal weight. An additional 20 percent, on an 
animal weight basis, should be fed to young growing stock. 

Tile Faye-Bruhn rule, or “rule of two" (/), provides a satisfactory 
means of stack measurement. Simply subtract the widtli (IF)» c.v- 
pressed in feet, from the “ovcrm^isurement’’ (O), multiply this result 
by the ^\idth, and divide by 2. This computation gives the cross 
section of the stack. Then multiply the cross section figure by the 
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length (L) to get the cubic contents of the stack The formula is 
expressed thus 




,irx L 


AA-hen the cubical content of a stack is detetmmed, ^ 
.X^the number of cubic f-' 

Figures of 450 cubic feet per ton of alfalh and 5 

irtrt \nlvinteer ha\s represent averages Age, H 

f/'suck and moisture content of the has ate the tsso 
ttom affecting sseight, ad.ustments therefore, mas be made localls 
for these factors m the computations 


Range Sanitation 

Common to all range lands and in the interest of the 
industrs generalls, are the lasts penaining to range sanitatio ^ 
though these lasts tars somesihat in the different states their 
f„ pStect the hsestock industrs from spread of conugious com 
muLable, or mfectious diseases All animals brought into 
or into a disease free district ssithin the state, are “ ’’“b, 

impeetion and clearance through issuance of a health 
uglified authorities (40) In cattle, the most common diseases gua 
against are foot-and mouth tuberculosis Bangs disease, scabies, b 
teTend tick feser, m sheep, inspection is ch.efls for foot rot and 

^"^On FederalU owned lands sanitars regubtions are enforced b^ 
Federal administratn e agencies On the national forests “'“S 
of all ammals that hai e died from contagious or infectious diseases 
burned and those that haie died near water must be immediate) 
remoied and burned or boned Owners of deceased animals arc no ^ 
fled to carr; out regulations Burning of full grown cattle is not 
simple matter (42) 


The Forest Sen ice recommends ihit a hole be dag close to the carc^ 

2 feet deep and large enough in contain the bod> Two or three small o 
are dug sloping from the ground surface inlo the hole to produce a 
?Je hole w Idled with do wood In gne ™„mum draft .hen ih' 
rolled onto the pde and addmonal w<»d pUeed on and amend die e«^s ^ 

bummg u completed, the hole should be 6!led to with die eacata.ed sod to 
the bones 


In the next chapter is discussed husbandn practices of the different 
kinds of Incstock on the range 
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MANAGEMENT OF CATTLE, SHEEP, 
AND GOATS ON THE RANGE 

In this chapter we cons.der management practices that apply to 
the handling of cattle, sheep, and goats under range condntons. We 
also deal with breeds as they relate to range use, and with the handling 
of livestock on the diverse southern ranges. 

Range-Cattle Husbandry 

The success of a ranching enterprise depends on the suitability of the 
management practices adopted. 

Ranoi Organization 

Cattle ranches var>^ greatly in size and in 
zation. Some ranches have abundant culuvated lands ^ ^ ‘'“f 
and/or cereal crops are grown for both the market 
Some of these ranches keep up to 50 ca^e to utilize ^ 

seasonal snibble, and e^cess fodder. These 

ranehes. Other ranches may have more than 1000 cattle “"d pra^ 
cally all crops grown are utilized by the animals. Ranches of this km 
are ealled “eow” or “specialized” livestock ranches. 

Operating methods are little influenced by f '^e herd o 

diverity of the ranch. The more common forms of j. 

(1) steer ranches, where the operator buys either weaners or year^ S 
steers-usually in the spring-grazes the calves .j, 

the steers for the season only, and sells them as u „nd the calves 

and calf ranches, where a breeding herd is maintained, ^"d ri^e calves 

5S “iS”. SVlifc. » .1.. b— 

trade or to feeders for finishing. • mnre> nr less 

Various sections of the “h"',7pb^ operation is the 

in one of these operations, but the mixed n p 
33i 
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most common </0 Cous of brcedablc acc L»mjposc about half of 
the mixed herd, brcedmi» tows mike up most of the herd where sealers 
or short scarhngs arc sold In ihcsc opcratioas the breeding season 
Ls usuallv so gauged tlia' the cahcsarc dropped m the spring when lush 
feed and mild weather prevail 

RxNrr CATTir Burtos 

Tlie success of a cattle ranching operation is much influenced bv 
what breed is M:lccted to hancs» the forage crop Where feed is 
abundant xcarlong an\ of vcvera! ptipular l>ccf breeds will do well 
though some will usuallv prove more profitahlc than tithcrs WTicrc 
the forage is rcIamcK sparse, an cspctiallv hards lirccd with good 
rustling qualities mus' he chosen Hut, regardless of breed supenontv , 
ample nutritious feed must be availalilc a: all times to tnsurc a high 
percentage of offspnng" to keep the antnols in thnftv condinon. and 
to make for gof>d, marketable mdit (duals 

In referring to livestock, the terms * kind and * breed ’ of animal arc 
sometimes confused kind of stock refers to the species such as cattle 
or sheep, breed to the nee or group of a common descent The 
Hereford race of cattle and the Menno race of sheep arc examples of 
familiar breeds. On the wcs*cm range, these breed charaaensnes arc 
m demand strong breeding qualities, capacitv to withstand inclement 
w inter w eathcr w iih minimum supplemental feeding, dcsinble handling 
charactcnstics, and good response m the fcedloc (f) 

The western grower raises cattle for beef production The ontrmal 
Spanish * hjgh-(j/T the ground” animal, usuallv of mixed breeding, has 
given was to the more blocks, distincijs beef tspc, mostJs of the 
temperate rone breeds that orismated m Great Britain All the better 
beef breeds arc noss found m the W'est, because no one breed combines 
all desirable characteristics 

In the last half centurv, breeds of l>ccf cattle hasc become rather 
concentrated geographicallv , brgek through trial and-error practices. 
Arranged m order of populanrv, the major beef breeds in the western 
range counrn arc Hereford, Shorthorn, Aberdeen- Angus, Gallosv as , 
and Brahman The population of Brahman is increasing rapidls in 
the svarmer regions of this countrs 

The Hereford is the second brgest among the older breeds It is 
noted for excellent beef t> pc, hardiness, rustling qualities, good grazing 
capacit) , and strong constitution Its chief w cakness is us losv milk 
production Where the forage is sparse and sv inter sveather severe, 
this breed is unsurpassed (^0) 

The Shorthorn the largest of oar cattle Ic is the most popular 
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breed in farming districts, indeed, it exceeds in numbers all other beef 
breeds in the United States and is second in the West Shorthorns 
have quiet dispositions but do not mature as early as Herefords or 
Aberdeen-Angus Where pasturage is abundant they are unsurpassed 
for beef production, and rhey exceed all other beef breeds m yield of 
milk Hon ever, since they are not as good rustlers as the Herefords 
they are not likely to replace Herefords on the western range 
The Aberdeen Angus, though not as large as the Hereford or Short- 
horn, IS a superior beef animal This breed is polled and black, both 
of which are dominant characters The black color is a disadvantage 
in crossbreeding, for the offspring from red or white cattle give the 
appearance of having dairy blood Angus cattle are not especially 
popular on the open range, because their nervous disposition makes 
them difficult to handle In recent >ears, however, Angus cattle have 
increased locally, notably m parts of the Southwest 
The Galloway ranks lugh jn hardiness and rustling qualities Being 
polled and black, it resembles Aberdeen-Angus but is smaller Gallo 
wa>s too haae a nervous disposition and are difficult to handle on the 
open range, also, calves from red or white cows are like]\ to appear 
to carrj dair\ blood 

The Brahman, characterized b\ a hrge hump on the withers loose 
folds of skin forming the dewlap and na\el, and long, drooping, pendu- 
lous ears, was introduced from India (Fig 72) Although not as good 
a beef type as the breeds discussed Biahmans are Inrdv, excellent 
rustlers, endure heat well, and are resistant to external parasites such as 
the fe\er tick (Chapter 2) Despite the fact that they are more nen 
ous than anv of our temperate zone cattle breeds, bulls carrying 
‘me half of Brahman blood are being crossed to ad\ antage w ith tern 
Pirate-zone beef breeds m the hotter and more humid areas of tlie 
United States notably the Gulf region (?9) 

The Santa Gcrcrudis, the first strictly American breed of beef cattle, 
resistant to subtropical climatic conditions This large, dark-red 
breed was developed on the King Ranch at KmgsMllc, Texas, by cross- 
mg the Shorthorn X Brahman It has not >et been distributed for 
Wide use 


CrOSSURFCDINC PRACTlCnS 

Crossbreeding is the practice of mating different breeds, or somcrimcs 
different species The resulting offspring is called a ' crossbred ’ 
Rational crossbreeding results in increased thrift and better adaptation 
m desirable characteristics through hjbnd Mgor (heterosis) Cross- 
breeding may combine desirable features of breeds or types, such as the 
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capacite if ,3, The most common and perhaps 

It mccl“ hreedt'ng ^n' the stestem range has been Shorthorn 
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Flo. 72 Aoms Bnfcciti bnH Note prontineif hum? on onthets larpe W* 
of stun foimmg det-Up end netel and dtoopmp pendulum ears 
snpenoe beef OTe Brahman hulk are mefu! in in joduant hardin» in 
The) are most popubr in repom of warm and moist climat 


bulls X Hereford costs. Brahman bulls y Hereford, ShoiAorm or 
Aberdeen Angus cons, and under farm pasture conditions, Aberde 
Angus bulls y Shorthorn cons 


Bciloinc Up Herd 

The otvner of a herd of poor or mediocre cattle has a choice sell 
,11 ihe rattle and hot good-qualirt heifers, or retain the better co 
bre?d1h,^ to purfbred bulls of .he spectfic breed, rhn procedure 

"'sIuctior^of'BuUs "^hc carbest detelopment of Inestock breed 
.„rcho«m .he parents ro be n^red nas ™llt b^d » genial 
eximal appearance of the sire, that n, on the phenofype "ms P 
nee resulted m mans dnappomtments nuce a arge proport on of 
Xrng do not mhem .he characters most desired Non rhe 



rangl cattle husbandry 
rancher bu>s onl> purebred bulls of good 

that wiwtyfic selcction-mide according to approted lines of descent 
-^hr.n^naLnnssion of maximum proportions of their external 

’'’Thatre bull IS an cxtremelj important factor in improtmg the herd 

cal^Tt be overemphasized Annuall> . the con mflnences one ofFsp^ 

onh, uhereas the bull affects 20 or more cab es The 0™' ^ 
bull good or bad, is at once reflected in the oncoming generation 
In selecting a bull t«o factors especially must be kept m mind an- 
cesm and appearance Both are important but the real test of th 
sirens breeding perfonmnce, which is determined by progem testing 
Abst ranchers bu 5 a earhng bulls in lots of a to 2,, but 
be used unul the> are 2 j ears of age Their best period of service is 

''m morenterpnsing rancher selects the better of l- > -ng bulls 
for breeding to 5 or 6 cows of good, aaerage q«aht> 
which animals produce the most superior offspring, cm nwe ' 
most prepotent bulls with the better cows It is from this lot that the 

replacement heifers herd, the essential features 

In improving the qualit) ot tnc moopH 

towards which to build are size of bodv frame, good 5“^® 

ness Low block> bods and uniformit) 

Uniformity in color and markings, although desirable are of secondary 

'TuCg of Herd Removal from the herd of the 
IS second in importance onlv to that of bceedmgjo g°° 
judgment calls for the culling ot all ,,,,,,, „ j r,„„rrprpd 
milkers, long headed, thin necked shallow bodied, light hind q^ennl 
and old cows (14 ) Wild cows should also be disposed of, since they 
tend to excite othLwise quiet cattle Weaning time, -ben tlm ca ve 
are 6 to 8 months old is an ideal time for selection of 

and for culling Culling ““ f tome highl> successful 
COWS per annum is an approved prat-uk. 

range cattle localities (25“) , t _ 

Percent Calf Cron The chief function of a range cow herd 
t-ercent call crop cab es The principal factors 

produce a large „f hulls to cows and their 

controlling the calf crop are (i; rauo w «fr.nllinrr 

handling on the range, (2) season of breeding, ( ) c ^ ^ 
the breeding stock, (4) control of mfeeuous discasi^ affecting repro 
duction, and (S) the plane of nutrition of the animals 
On the open range, I r igorous 
'cars should be provided for each 25 cows m b 



h\ndung lu'ESTOck on thf r^nge 


. of f to 20 ,n acstrablt 0 „ good, 

^ igorous bull » ill sen. e no less t dutnbuted On 

,t B important that a nder beep bulls and cotes u eu a 
bige, fenced areas it . good pmctice to rota the bufe 
them ma> be placed tilth the amultaneouslt placed 

^Xtfe ^etd rCding season adtanees all the bulls are bept 

" ts'^terLher. the season of breedmg ^"ould be so^ % 
caltes are dropped tthen green spring feed becom 
differential in age of the caltes should not tilth 

the penod of gestauon in canle is ’ * ^henfhe earhest 

the herd about that man\ months before the nm 

calves should be dropped ,« different sections 

The percenuge of caltes obtained tanes tt.de t " 
of the range countn fn Wtonung, for “ "^ent, m 

from some 30 to 9> percent, tilth an aterage of about > p ^ 

the areas studied, in Colorado the aterage ttas around 
prairie range 56 percent, on fenced pasture 73 percent _ 
range ttas from 3l to 94 perceut (16) For some regiom 
Fluharrt (22) concluded that less than a lO percent calf cr p 

a financial loss . « j u, health of 

The percentage of caltes b obt.ousK ^ imcelhns, 

the herd Contagious abortion, bnottn as Bang * 
or Bmcelh infection, b the most common dBcasc ^ ^ted 

non Infection b spread Urgelt through f'td 'n”"'Thc dBcase B 
bt discharges from the cotis-rarelt from the bu U 4" , 

characterized bt abonion of fetuses from earlt to late ^ 

nanct and bt placentas commonlt retained \ etennatt adt ice 
be secured where the herd b suspected of hating thB 

Another dBcase mehonmmaur, mat senouslt inflomce tn 

crop I. B a teoereal dBcase nansmiued bt 'be bulls Into ^ 
t .duals should be dBposed of It b charactenwd bt , j ^ 

oons of decomposed fenises A tetennanan should be consult 

where thB daeasc b suspected „l,„ nrotides 

Cteep-Feedmg of Calves Creep-feeding of nursing «1 
concentrate and/or hat placed m a Klf feeder, tro In . die 
a small enclosure Openmgs are made in the fence ig 
caltes to enter hot too small for the cows & tK^ 
tened or slaughtered t onng are I" (14) 

faster finnh and to shorten the feeding penod after waning t 
Xn the namml forage b limited, creep-feeding indirectlt helps 
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COWS, since the calves suckle less in the latter part of the nursing period. 
Creep-fed calves are also easier to weanj since they have become 
accustomed to a suitable ration^ they miss their mothers less and have 
little or no setback. 

Creep-feeding has been successful in years of limited forage, in areas 
where the range is fairly heavily stocked, where feed is partly home 
grown and not high priced, or where the available market will pay 
for calves in better flesh (13). It is doubtful that creep-feeding is jus- 
tified in localities where the pasturage is abundant and of good quality 
and where the cows have the inherited trait of adequate milk flow (20). 

Maintenance of Nutritional Level. Maintenance of an efficient 
herd requires that the range be kept highly productive. The most 
critical feed period is usually between weaning time in the autumn and 
the next calving period in the spring. During this interval cows and 
heifers should gain in weight; otherwise they will be thin and weak when 
calving. Supplemental feeding of hay and/or concentrates on range 
or feedlot at this season is of utmost importance (Chapter 14). If hay 
is fed exclusively, about ton will be required per animal by weaners, 

1 ton for yearlings, and IH tons for cows for 120 days— the length 
of feeding period common in the West. 

Each year large numbers of breeding cows and younger cattle are 
wintered on the open range. In regions where winter weather is 
severe and snowfall is sometimes heavy, feeding of about 1 pound of 
cottonseed cake, or the equivalent m grain, is often necessary to prevent 
losses and to maintain body weight. The forage near naturally shel- 
tered areas should be resented for the weaker cattle; but if no such 
places are available open sheds should be built to provide shelter (3-f). 

On any range it is essential to determine the number of cattle that 
may be grazed without injury to the cover. As discussed in Chapter 
grazing capacity estimates should be based on the forage yield in 
slightly below-average years rather than in seasons of exceptionally good 
growth. On all ranges a reasonable amount of the current growth of 
the dominant forage grasses should be left to insure vigorous growth 
in the following season. 

Stock Trails, DitivtWAYS, A^D Biudges 
Trails, driveways, and bridges must sometimes be constructed to get 
cattle to and from distant winter, spring-fall, and summer ranges. In 
the early stages of the cattle industr>% trailing and driving the animals 
long distances was the general practice. Today, livestock are carried 
by railroad and trucks, but large numbers arc still trailed many miles 
each year, notaldy to national forest summer feeding grounds and to 
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winter range Where the stock can be moved unhurned along routes 
having ample forage, trailing will presumably not dimmish, for eco- 
nomic reasons 

Trails and drivev\a\s are often constructed in brushy, heavilv tim 
bered countrv or on steep hillsides A large mileage of dnv ew av s is 
cleared through brush and timber, notabl> on the national forests, 
where the herds and bands mav travel to and from the summer range 
in a leisurelv wa> (57) This trail and drivevva> construction has 
reduced death losses of stock m transit and minimized mjurv to good 
range over which the animals would otherwise have to be trailed On 
cattle range, areas of supenor forage have been made available bv 
building trails w here dovv n timber, dense brush, ledges, or steep slopes 
had prev iousl> kept the stock out. 

The construction of bndges over streams too deep for crossing b) 
stock has likewise made good range available Bridge construction has 
often made possible the grazing of range units in the season when the 
forage is of highest nutritive value Under such conditions, bridge- 
construction costs are soon w ntten off 

CoNTBOLUNG Distribution of Cattle on Range 
Once the cattle have reached the range the> must be properlv dis 
tnbuted to utilize the forage as untformN and efficicntlv as possible 
Spott> overgrazing and too light cropping must be avoided to the 
greatest e\tent possible The most ideal distribution of cattle will 
come to naught if the range js overstocked Careful inspection near 
the end or shoitl) after each current grazing season should check the 
degree of utilization on each range unit TTiese observations should 
point the wav to needed adjustments m the livestock numbers grazed 
and in their management in the next season, and possiblv thereafter 
Range areas of rough topographv pamcularK demand the use of 
all practical methods that arc bkelv to obtain the desired distribution 
of cattle over the range This can be done bv direct and indirect 
control 

Direct Control This is accompli^ed bv herding and fencing 
Herding Herding is the control of the animals bv guiding their 
direction and movements on the range with the view to procuring 
grazing where and when desired 

Cattle are herded on the range b> nding Although the dai!> mov e- 
ments of cattle do not require as close guidance as those of sheep or 
goats, the serv ices of an eApencnced herder or nder are necessar) 

Some of the more important dunes of the herder are to ( 1 ) prev enc 
the cattle from stravmg from the range on which thej should graze. 
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(2) guide the animals to areas where the feed might otherwise be 
wasted; and (3) prevent the cattle from concentrating on accessible 
areas w’here overgrazing might occur. The herder must also keep 
needed fences in repair and prevent the cattle from drifting to elevated 
range too early in the season. He may occasionally hav'e to drive the 
cattle off areas harboring poisonous plants, place salt on the range at 
the proper time, and head the cattle to remote w^atering places w’hich 
they might not otherwise find. He assists in rounding up the cattle 
for branding, castrating, vaccinating, and dehoming and in sorting out 
the beef animals for market. At the close of the summer grazing 
season he helps drive the cattle to the home ranch or to the wdnter 
range, w'here his duties start all over again {IS, 30, 34, 57). 

Fencing. On some ranges, w'cU-constructed and properly located 
fences are the most effective and least expensive means of controlling 
the cattle. The most important function of a range fence is to provide 
control vital to the animals and the range. This entails the placing 
of fences w’here they will prevent trespassing of the animals on range 
ow’ned by others or sec aside for other operations. Fences also serve 
to (1) facilitate distribution of the stock; (2) prevent the cattle from 
drifting to the more elevated ranges too early in the season; (3) carry 
out a plan of deferred and rotation grazing as a means of range improve- 
ment; (4) prevent losses of stock by enclosing poisonous-plant areas 
and bog holes, (5) segregate the cows from the rest of the herd by 
fencing off one or more breeding pastures; and (6) facilitate handling 
of the cattle by building needed corrals (34, 57). 

Fences constructed for these purposes are designated as follows: line 
or boundary fence located between two ranges, as along ridge tops, 
to prevent trespass; drift fence, an incomplete structure, such as across 
a canyon or a valley floor, to prevent the animals from passing from 
one area to another; and division fence, located wdthin a range unit to 
facilitate distribution of the animals. 

The most widely used fencing material for cattle is barbed w'ire; 
the fence is commonly of 4 w'ires fastened to wood or steel posts. In 
W’ooded regions and where deep snow'S occur pole fences are popular, 
the poles being hcw’cd to fit securely together at each end. On cattle 
and horse range, the electric fence, consisting of a single w’irc sup- 
ported by widely spaced posts, is rapidly gaining in popularity where 
a temporarj' fence is needed. Its construction requires little labor 
and material. As the source of current a battery may be used— in 
fact, is preferable— hut a hook-up with a standard power plant wdth 
a transformer attachment is sometimes employed (34). This type of 
fence is also effective for liogs but not for sliccp and goats. For those. 
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\\o\en wjre fencing is used most To avoid relocation of fences, a 
good plan of management should be worked out for the entire range 
area before fence building is undertaken 

Indirect Control. Indirect control of cattle is earned out by salting, 
and b> proper distnbution of watering places which is the more 
effective 

Stock Water and Water Detehpwent Water is as essential to the 
welfare of livestock as feed Since cattle will seek watering places, 
these can be used to control animal movements Where the distance 
between watering places is excessive, the flow of springs and seeps ma> 
be improved and the water conserved m tanks In some localities new 
sources of water may be developed (Chapter 14) 

Salt and Salting Grazing animals need more salt (sodium chloride) 
than chev can get from the vegetation upon which they ordmaril) 
subsist Both sodium and chlorine are essential to the health of live- 
stock and other animals (27) Babcock (/) noted chat dairj cows 
developed an abnormal appetite for salt within 3 weeks after the) were 
deprived of it As the experiment advanced, the animals had little 
appetite, lost much weight, had lusterless ejes, a rough coat, and 
finallv collapsed Recover) was rapid when salt was supplied 
Further evidence of the need of sale is the fact that animals will 
consume about the usual amount even when using alkali licks, which, 
in general contain little or no chlorine (21) Chlorine enters into the 
formation of h>drochloric acid m the gastric juice and is essential in 
building of blood When adequate salt is supplied, animals develop 
better, arc more content, easier to handle, and less likelv to acquire a 
deprav ed appetite 

Amount, Kind, and Distribution of Salt Salt should be placed where 
feed IS plennful It can be put out as soon as the cattle are brought 
to the range, because this wiU help locate’ them It should not be 
placed on range that is not readv for grazing, on overgrazed units, 
where patches of poisonous plants occur, on steep areas, and, as cattle 
are hkelv to become footsore, on rockv areas Also, salt should be 
removed from localities that have been sufhcientl) cropped, or the 
animals w ill linger there too long It is a good rule to place salt about 
Vj mile from water, not closer, but al\va>s where cattle can get to w 
easilv The more desirable locations arc accessible benches, ridges, 
gentle slopes, and openings m brush or amber 
The number of salt grounds that should be established on a cattle 
ranee unit \ aries w ith manv factors notabh topographv , distance 
betw een w atenng places, grazing tapacitv of the range, and character 
of the forage The principle to follow is to establish enough salting 
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places to obtain the best possible distribution of the cattle and at the 
same time prevent range depletion in the vicinity of tlic salt grounds 
On yearlong level or gently rolling range of medmm-to-low grazing 
capacity, salt grounds may be placed about 2 miles apart (10). On 
moderately high-capacity range the salt grounds may be 1 mile apart, 
or 1 salt ground to approximately 600 acres On short-season range 
this might be equu alenc to 35 to 60 cattle per salt ground In rough 
mountain country, where salt grounds are used for only a few weeks, 
the distance between them should not exceed about Yz mile, each one 
to serve from 15 to 25 cattle On am range it is better to ha\e too 
many than too fey salting places 

The amount of salt to put out on each salt ground should be deter- 
mined by the grazing capacit\ of die range concerned Allowance 
should be made for weathering during the ram> season 
Although the amount of salt eaten by cattle vanes with the season 
and the character of the forage (5?), 2Yt pounds per head per month 
should be allow ed on the range w hen the feed is succulent On mature 
forage, including w inter range, about I Yi pounds per month is usually 
sufficient (JO) On yearlong ranges a total of 25 pounds per cow 
IS fully adequate 

Many different forms and market grades of salt are used, ranging 
from “rock” salt as it comes from the mine to evaporated or crushed 
(sacked) or block (pressed) salt Cattle seem to prefer the softer 
crushed or granvilated salt from which they can quickly obtain the 
amount desired it gives all the salt-hungi^ cattle a chance to get their 
quota If salt logs or boxes are used, gramilared or crushed salt is 
preferable, otherw ise block salt should be supplied, but without “medi- 
cation,” or sulfur, since these additions seem to serve no useful pur- 
pose {34) 

Salt can be hauled during lax labor periods in summer or fall and 
cached in a substantial storage box located convenientiv for its distri- 
bution later A pack animal or two-wheel cart is an effective means 
of distributing salt on rough pasture 
On relatively large range areas it is helpful to prepare a written salt 
plan and to number or name some of the salt grounds on a signboard. 
Tlie salt grounds also mav be entered on a map (Pig 73) for con- 
venience m finding them {10, IS, 30) Bv numbering or naming some 
of the salt grounds, the rest mav be located readil) by familiar land- 
marks The signboard contains esscntiallv the same information as 
the map, except that approximate date for distributing the salt mav also 

be stated, such as “No 4 number (or name) of the salt ground, 
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determined by the amount of accessible forage; and that the salt will 
not be put out on any range unit until the forage is ready for grazing. 

Cattle Grazing in Southeastern States 
Because of the growing importance of cattle raising in the southern 
states and the vast diversity of local conditions there, it seems desirable 
to discuss these topics m this chaptei. 

The South is an extensive and versatile empire, and its beef-cattle 
industry is large and is becoming more important. 



f'lR. 74. Map showing the proMnee designated as “the Soutli,” a region tint 
tcccncs fairlj' licaty, wcll-distriburcd rainfall and Ins a long growing season. 
Enestock production is increasing in iniportmcc as diversified agricultural pne- 
ticcs gain in populintj. 

The South includes all of tlic Cotton Belt proper, the mountainous 
areas adjoining, a portion of the Appalachian Mountain region, and 
die Cumbcriand-Allcghcny Plateau (Fig- 74). It is cliaractcri/ed by 
•nild \\ intcR, long, warm sununers, and .abundant minfal) which is w cll 
distributed tlirough tlic year. Most of the region has a growing season 
"f nuire than 200 days." 

General Considerations. Agricultural proditetion has gradually 
''hifted from the once predominant row crops of cotton and tobacco 
to more diversified land use. Grass and livestock production arc on 
the increase. In 1948 tlicre were sonic 13 nuHinn cows and calves anvl 
h^'SR.Ooo sjicep. In .iddirmn to ininv other .inimiU, in the eleven 
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southern states To provide grazing 'ind fodder for the stock, this 
region produced ba\ crops on 9,037.944 acres, forage on 13,962,663 
acres of permanent pasture, and other stock foods on 26,288,311 acres 
of land used more or less for Inestock (22) Even so, some ha> had 
to be imported 

Tlie cattle are handled according to the conditions of the localitv 
On the praines of Oklahoma, Louisiana, southern Texas, and southern 
Honda thej arc run in large herds, much as in the West, but in the 
Cotton Belt proper usuallv onlv a few cattle arc kept on each farm 
Here veirlorg grazing on forest range, with a minimum of husbandrv, 
IS a common practice In this region extensive crossbreeding with 
Brahman bulls has rcsulrcd in hardier ofTspnng 

Profitable grazing, under good management, is obtained on the 
cleared or cutover forest lands, of which there arc some 200 million 
acres The best grazing period on these areas is about 5 months in the 
spring and a few weeks in carh autumn Tor the rest of the vear the 
cattle should be maintained on cultivated pasture and harvested crops 
Among the better domesticated forage plants for reseeding pmev -woods 
pasture are Bermuda and Dallis grass on the more productive soils, 
Natal grass on the drier and poorer sites, and carper grass on some 
of the moist flatwocids (2) In the extreme South pearl millet, Napier 
grass, and St Augustine grass arc well adapted (Chapter Jl) 1 espe 
deza, or Japanese clover, is used to advantage for hav and pasture over 
most of this region 

Although grazing <jn cutover forest land has been practiced since 
Colonial davs, there have been conllicis between the timber producer 
and the grazier This conflict is chicflv the result of setting uncon 
trolled fires that have destro)ed much timber At present, most farm 
woodlots are so badlv trampled and overgrazed that thev produce 
little forage, and timber is not becoming established Tiiese malprac 
nces arc serious, since nonmllv the southern forests are five to ten 
times more profitable for growing timber than for grazing (S) For 
tunatcly, a combination of conservative grazing and timber production 
can be earned out, as has been demonstrated in the longlcaf slash pine 
forests (19, 3S) through the judicious use of fire to keep the forest 
open 

Plant Associations and Forage Species The South is composed of 
three broad geographical regions the Coastal Plains the Piedmont 
Plateau, and the Mountain region Of these, the Coastal Plains is the 
largest and most important for grazing 

Six fairlv distinct plant assoaanons compose the ecological land 
divisions of these three region^, namely (1) wuregrass, (2) bluesteir 
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(3) switch cane, (4) bottom land, (5) coastal prairie, and (6) marsh 

crass (^) c 

1 The wiregrass association compnses the most important ™'er for 

grazing m the Southeast It is essentially confined to the 
pine forest extending from South Carolina into Georgia Florida and 
Alabama Frequent burning has favored invasions of rather harsh bu 
relativeh nutntious, fire tolerant grasses From March to late June 
these uiregrass ranges are relied on for much of the grazing, but after 
June the forage is of Ion nutrition The more common grasses are 
pmeland three an n {AmtiAa stneta), bluestems (Aiidropogon spp ), 
pameums (Pamciim spp), paspalums (Pmpalmn), Curtis dropsee 
(Sporobolm curtmu), cutoicr muhl> (Mvhlaibergm expansa), a 
catpet grass {Axonopns affims) Grasses furnish 80 to 90 percent of 
the feed Palatable browse plants that occupa net pine lands or 
swamps and are eaten generally in winter or spring, are ( ) merican 
cvnlla iCyriUa raceimjlora)^ ba\s {HapioUa vtrgimca, Persea pubes- 
cem, and Qordonm lasianthtis), black tupelo (Nyssa syUaUca), com- 
mon sn eetleaf (Symplocos tmctoria), groundsel utt {Pacebms hakim 
foUa), laurel greenbrier (Svtilax Immfolm), red maple (^cer mbrwu), 
mirtle dahoon {Ilex cassme var viyrttfolia), sumac {Rhus copallma), 
summersneet clethra {Clethra almfoba), souraiood {Oxydendrinn 
arborewn), swettgum {Liqtiidambar styrac:iflua), ta ga lerrv ( 
coTiacea), and nax mjrtles {Myrica spp) Gallberrv {Ilex glabra) 
and palmetto {Sabal spp ) are characteristic of this association but haie 

no browse \alue ^ , 

The more palatable forbs are cinnamon fern {Osimmda cmnaim- 
mea), common pokeberra {Phytolacca americatia), netvein chainfern 
{Wooda^ardia areolata), pinebarren goldcnrod (Sofirfago fistidosa), 
spotted ladasthumb {Polygomnu persicana), and nhitctube stargrass 

{Aletm iarnwsd) , , . ^ 

2 The bhiestem association is dominated ba bliiKtem grasses, but 

sea eral of the grasses mentioned aboa e intermingle le^ ranges ur 

niah superior grazing from March 15 to earl> in Maa Tlie forage is 
infenor during the liot aacathcr m Jula but is fair in late August and 
September fn fall and aa inter this feed is so infenor that the animals 
lose niiicli \a eight unless supplements arc proa ided 

3 The saaitch cane association proa ides the best nauae range graz- 
ing in the South Tlie dominant grass is saaitch cane {Armtdmaria 
tecta) Tlic heaa icst a iclding stands occur on untilled bottomlands of 
the Mississippi Delta and in large saaamps in the Carolinas and eastern 
'irginia The grazing capacita saries from ■' to 2 acres per coaa- 
nionth the best grazing penod being from Maa to Isoa ember 
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4 The bottom land co\er» along the Mississippi and other rivers, 
supponsalargevarietv of trees, vines, shrubs, grasses and sedges The 
better forage plants are the bluestems, carpet grass, switch cane, beak- 
rushes {Rbynchospara spp ), sedges, grcenbner, and numerous hard 
w ood sprouts Spring and summer is the best grazing season, but some 
of the brow se plants pro\ ide good vv inter feed Conserv ativ e grazing 
is necessarv to protect the hardwood-timber reproduction from injury 

5 The true grassland (coastal praine) association is found m southern 
Flonda, southern Louisiana, and southeastern Tevas The principal 
forage plants are bluestems, Bermuda grass, carpet grass, maidencane 
{Panicwn benmoman), and vanous paspalums The grazing capacit) 
is high and the season of use is mostly vearlong 

6 The marsh grass association occupies the southern coastline on 
slightly lower ground than the bordenng grassland Most of this area 
IS fresh-water marsh, but a fringe of salt water marsh occurs along 
the southeastern and Gulf coasts Dominant plants are bulrushes {Sen 
pus spp ), cat-tails (Typha spp ), cordgrasses (Spartma spp ), maiden- 
cane, and salrgrasscs (Distichhs spp ) The fresh marshes provide the 
best grazing 

Poisonous Plants Of the large number of stock-poisonmg plants 
the following appear to be among the most troublesome in North Caro- 
lina and over extensive areas m the South (5/) black cherry {Primus 
serotwa), Carolina jessamine {Gelseimtnji sempervirens'), common 
chokecherry {Primus virgmiam), crow poison {Anuanthiwn vmscae 
toxtcinu), lambkil) kalmia {Kabma angiisUfoUa), mountain laurel {h.al 
vna latjfoJja), pme deathcamas pXtgademis rf««T/r), spotted viaterbem 
lock {Cicuta ifiaculata), white snakeroot {Eupatommi ncgpsrnii), and 
vellovv buckeye {AescuUts octandra) 

Methods of controlling poison plant losses arc discussed m Chapter 21 

Management Suggestions Alany range and livestock practices in 
the South, especiallv on the forested lands, can be vastlv improved 
The more important of these arc listed below (3, 4, 6, 7, S, 19, 3S) 

1 Do not keep the cattle on seasonal range bc\ ond the period of satis- 
factory feed conditions Overlong grazing on forest ranges results 
in severe loss m weight of the animals, high death losses, low calf 
crop, inferior calv es, and dererioration of the range 

2 \Vhere possible, form or join a communitv cattleman’s associa 
tion Free grazing on open range of absentee ownership is unsaosfac 
torv , because it mv oh cs herds of different ovv nership, breeds and ages, 
infenor bulls, and poor management In various instances active com- 
munitv cattle associations have obtained grazing rights on forest land, 
purchased good bulls and suitable fertilizers, prov idcd for supplemental 
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feed, hired riders, and developed improvements essential to good live- 
stock and range management. 

3. Adapt the kmd and class of stock to the character of the forage. 
Cows of a desirable local breed do well on forest ranges where abundant 
nutritious feed is available. But do not place the cattle on forest range 
too early in the season. 

4. Do not turn more cattle out on the open range than the range 
can maintain in good flesh year after year. Overstocking will injure 
both timber reproduction and soil. Obtain the best possible distribu- 
tion of the animals over the range by suitable fencing, water develop- 
ment, and salting. There is no excuse for overgrazing on fenced 
pasture. 

5. Avoid unnecessary death losses from starvation and plant 
poisoning. 

6. Develop permanent pasture on good land for grazing when feed 
on open forest range is poor, as in winter and the midsummer dry 
season. 

7. Use fire conservatively. Rationally planned burning is a good 
practice on longleaf-slash pine forest as a silvicultural tool, in reducing 
fire hazard, and in improving the forage. Returns from these lands 
are usually greater, under good management, from grazing and growing 
timber than from either use alone. 

Marketing Cattle 

Regardless of location, a rancher of breeding stock must first decide 
at what age and in what finish he wants to market his cattle. His 
decision will largely depend on the range forage available and on tlic 
hay and grain on hand. 

In general, the poundage of beef produced from a breeding herd 
IS greatest vhcrc offspring arc sold as yearlings. Unless overload 
charges of ninnlng the breeding herd arc low cr than average, the cost 
of calves per pound at weaning time is higher than for yearlings. Also, 
profits arc usually less where all tlic steers arc marketed as two-year-olds 
than as yearlings. Although a ranch is generally best suited for pro- 
ducing a specific age class of cattle for market, the price of calves, 
yearlings, two-year-olds, feeders, and finislicd cattle in relation to total 
pnmdagc of beef produced must be taken into account in any ranch- 
operation (/4). 

Sorting of the cattle into classes according to ucighc and/or quality 
should be done regardless of whether they arc sohl on the ranch or 
elscw Ijerjj, buver will offer a price closer to .sciual worth if the 
*^tilc arc sorted into uniform lots than if the group is mi\cd. Tlic sale 
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should be made when the animals are in the best state of flesh that 
the ranch is capable of producing. 

Time of marketing is determined much more by the amount and 
quality of the feed available than by prices. For example, where tame 
pasture is available, the cattle may be held there until fat; elsewhere 
they may be fed concentrates while fattening on the native forage; on 
some ranches the yearlings may be roughed through on the range 
forage, with some supplemental feeding, and marketed grass-fat on 
lush forage the following summer. Again, the sale of feeder cattle 
on ^^estem ranges may be delayed until mid western farmers have har- 
vested the com crop and are in the market for feeders (Chapter 2). 

Range-Sheep Husbandry 

In North America both farm and range sheep are raised for nvo 
\'aluab}e products> lamb (or mutton) and wool. Where the ewes are 
primarily of the wool type they are commonly bred to mutton bucks 
in order to produce more desirable market iambs. 

R^nce-Smeep Breeds 

The sheep is one of the oldest domestic animals on record. Many 
breeds have been developed, and the best of them serve their purpose 
well. Yet only slight improvement in yield and quality of the wool 
or meat greatly increases the operator’s profits; hence new breeds make 
their appearance from time to time. Most of the older ones were 
developed in England, though Spam and France also made valuable 
breed contributions. 

Sheep are commonly divided into three classes according to fineness 
of the wool. The breeds used most extensively on range and farm 
pastures of the world (25) are listed below. 

Fine-lVoal .Medttnn-iVool Coxrse^Wool 

Afenno (SpanisW Chc\ioi 

.Merino (American) .4, 5. Donee Horn Leicester 

and C types Harap^re* l.inco)n 

Delaine Merino (C t>-pe) Oaford Romne>- Marsh 

Rambouillct Shropshire 

Southdown 
SufFoIlc 
Tunis 

In addition to these old breeds, there are a few relatively young 
breeds, mostly of the medium-wool, dual-purpose (meat-and-wool) 
a This breed, along with rbc Oxford, Shropshire, Southdown, and Suffolk, are 
referred to as the “down" breeds, because ihe>- were developed in the hilly or 
“dou'n’’ countr>’ of southern England. 
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type. Among these are the Corriedale, developed in New Zealand, a 
cross between the Merino ram and the Lincoln ewe. The Corriedale 
has a long staple of medium wool and is a good mutton type. In 
western United States, the Columbia and the Targhee breeds are being 
perfected from crosses between the Lincoln ram and the Rambouillet 
ewe. The wool grades as medium and the meat is of superior quality. 
Two additional crosses of less well-known characteristics are the Romel- 
dale, of Romney Marsh ram X Rambouillet ewe parentage; and the 
Panama, of Lincoln ram X Rambouillet ewe ancestry. Additional 
crosses are being studied. 

In the early years of American sheep raising, wool breeds were raised 
almost exclusively, because wool was in strong demand and could be 
marketed more easily than mutton. Thus the small, heavy-fleeced 
early type Merino, of Spanish origin, predominated. Later, the Ram- 
bouillet, a dual-purpose breed, which was developed m France from 
Merino parentage, gained an important place in America, especially on 
the western range. Today as formerly, these nvo breeds outnumber 
all others combined in the West. 

The American Merino is an improvement over the original Spanish 
Merino. It is divided into types A, B, and C. Type C is the most 
popular, since it is the largest and has the smoothest skin. Although 
the Merino is not now raised to the extent it ums 50 to 75 years ago, 
Merino blood is more prevalent in America today than that of any 
other breed. On the range the iMcrino does better than most other 
breeds where food is scanty; its dense fleece gives adequate protection 
from severe weather, and it produces a good wool clip; also, these ani- 
mals, being gregarious, band together well and are easily handled. 
The carcass of the type C Alcrino rates as fairly good to good. 

The Rambouillet is larger than the Merino; and, since it inherited 
the characteristics of the Merino parentage in tlic way of capacity to 
travel, hardiness, and the trait of banding together, it is the most popu- 
lar breed today on the open range. The fleece is heavy and fine, and 
the carcass rates as good to excellent. 

CnossBRFi nivG 

Crossbreeding of sheep in the West is practiced most wlicre tlic ewes 
arc predominantly of the Uambmiillct or Merino breed and where the 
market demands larger ),ambs. Tljc ewes arc comnionh' bred to Hamp- 
shire or Rambouillet bucks or, in some localities, to Shropshire, Lincoln, 
Suffolk sires. All crossbred lambs arc sold. To provide good 
replacement stock, about a fifth of the better fine-wool ewes arc mated 
"«h superior bucks of tbc same breed. Some operators prefer to 
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crossbreed all of the cv. es sell them w hen thc> become old and pur 
chase an cntirch new >oung breeding herd If the band is to be 
enlarged b> keeping all the good ewe lambs purebred bucks of the 
same breed should be used consistend\ 

Brfeding Season Mating Time and Percent Lamb Crop 
Breeding Season, The building up of good grade ranch sheep is 
much hke that described for cattle Well grown thnfr\ ^oungewes, 
preferabU ) earhngs or 2 \ car olds should be selected for breeding 
herd replacements In advance of the breeding season the operator 
should check the age of the older ewes bv examining their teeth and 
he should discard those having spoiled udders Range ewes should 
ordinanlj not be kept or selected for breeding after reaching 6 jears 
of age B) then their teeth have w om dow n and hav e begun to spread 
and the> graze less efficientlv 

The ram should be purebred and a tv pica! individual of the breed 
He should prcfetabl) be a v carting or a 2 v ear old A v oung v jgorous 
buck can be expected to serve from 4S to 6> (2 rams per 100) ewes 
in a breeding season of 60 to 7> davs (26) 

Mating Tune The natural mating season of sheep is in the autumn 
The raising of so called hothouse or winter lambs as m parts of 
Cahfomu and the southern states requires the use of certain breeds 
such as the Dorset Horn, Menno or Rambouillet, which will breed 
cariv m June or m Julv The gestation period av erages about H" da) s 
(21 weeks) and the time of plaant. the rams with the ewes is gauged 
to the preferred time of bmbing 

Size of the lamb crop is determined b\ the condition of the evies 
at breeding lime as w ell as thereafter Flushing the ewes that is 
placing them on green feed a short time before and during the breed 
mg season is an excellent practice since it shortens the manng season 
and results in a larger number of twin lambs 
Percent Lamb Crop Profits from sheep depend directl) on the 
percentage of lambs dropped or raised The percentage of lamb crop 
vanes greariv oier the western range h probablv averages around 
7> percent (56) vet the best range operators mav obtain 125 percent 
or more lambs and have a 100 percent crop at weaning time Manage 
menc efficiencv dunng the manng season, as w ell as afterw ards, is clear!) 
reflected in the percentage of lambs dropped and sav ed 

Herding Mptuods and Ose of Beocrovnds 
The care of sheep on the open range differs from that of cattle m 
that a herder is on hand at all times This makes guidance of the band 
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possible over the range from day to day and gives protection of the 
animals by night. Only in the Midwest and East, and in a few localities 
in the West and Southwest where a coyote-proof fence encloses 
the grazing grounds, are sheep raised without the vigil of a herder. 

The herder has heav}' responsibilities. The average size of open- 
range breeding herds, as on the national forests, is from 1000 to 1400 
ewes in addition to their Iambs. Generally, the lambs in a band of 
more than about 1200 ewes do not make the most rapid grou'th; larger 
bands are also harder on the growing forage. However, if the band 
is composed of wethers or dry sheep, as on the winter range, one 
herder can care for a band of 2000 to 3000 head. 

Quiet Handling and Open Herding. Sheep need guidance as they 
leave the bedgroimd in the morning, some direction to suitable feed 
during the day, and lazy herding towards the bedground late in the 
afternoon. The experienced herder studies the range and plans the 
dally movements of the band well m advance. 

It is essential, in the interest of both sheep and range, that the animals 
be handled quietly and with minimum use of dogs. Open herding, 
as opposed to close or “bunched up” herding, is a cardinal principle 
in range-sheep husbandry. Study of gains and wool clip of sheep 
grazed undisturbed on range enclosed by coyote-proof fence showed 
convincingly the importance of open herding of sheep on unfenced 
range, thereby allowing the animals to move about with minimum guid- 
ance so they can select the forage of their choice. Moreov'er, the acre- 
age requirement was measurably less where open herding was em- 
ployed (17). 

Selection and Use of Bedgrounds. A bedground is an area upon 
'\hich sheep (or goats) are permitted to congregate and rest for the 
night. The ideal bedground should be open, but it need not be free 
from brush or timber. It should be large enough for the band to bed 
down without crowding. It should be on higher ground than the 
surrounding country .and should preferably be located at Jc.ist J4 or '/z 
mile away from a watering place. 

Several-Night Camp. rs. One-Night Bedding-Out System. The 
nldcst method is that of selecting a bedground more or less in the center 
nf a range unit. Here sheep arc bedded dow n several nights in succes- 
sion before moving to another established camp, usually not until the 
"iragc within a distance of 1 to 5 miles from the bedground has been 
consumed. Accordingly, In .a short time tlic sheep must travel a con- 
siderable distance each morning before reaching fresh forage. I'his c\- 
ccs'iivc tra\cl to ami from camp results in dcstniction of much vegeta- 
.\lso. the hungr>’ animals cn route to the remnre feed 



?52 


HANTJUNG LIVESTOCK ON THE RANGE 

often consume toxic or lethal quantities of poisonous plants Because of 
comenience of location, this same bedground is usualU used m subse- 
quent seasons, hence the range becomes progrcssnelj depleted (29), 
and the operator’s profits arc corresponding!) decreased 

Under the one-nigbt bedding-oui or ‘blanket” s>stem the sheep are 
bedded down on new ground each night The range close to the 
camp IS not cropped down closcU but is left in vigorous condition and 
mai be grazed modcrateU again later m the season (//) Since the 
sheep are alwav's on fresh feed, thev graze dunng the cool morning 
and evening hours without traveling cxccssivclv, and the) shade-up 
during the warmer dav light period As thev leave the bedground in 
the morning, thev spread out in all directions and soon break up into 
small bunches if not checked The conscientious, energetic herder w d! 
mov e around the outside of the band to turn back or retard the leaders 
He will use dogs hmitcdh and will leave the sheep widely scattered 
to choose their forage as thev go about in a Jcisurcl) wa)' The sheep 
are quietU brought together towards evening and bedded down on a 
suitable site wherever night overtakes them 
The one-night beddmg-ouc svstem obtains the heaviest lambs and 
best wool clip from open-range grazing Bv this svstem the sheep 
behave much as thev do on fenced pasture, where thev graze openl) 
and quietly and do little trailing {U, JS) Since it is not economical!' 
feasible to fence the enormous acreage of public range and certain other 
large grazing areas, the onc-night bcdding-out s)stcm is recommended 
This bedding-out svstem will not be used by herders who lack 
cnerg) , thev av oid the w ork of breaking camp too often WTierc the 
one night camp system is used the herder cither cames his equipment, 
or he has a horse, or preferabK a burro, that carries the tent (a light 
tepee), bed, and provisions lo the new bedding ground The trust) 
burro will graze with the sheep and will come to the camp site bv 
night for a handful of gram Although the herder must forego some 
comforts and conveniences of the several night camp S)Stem. con 
servation of the range and the additional gams of the animals clearl) 
favor the one night camp svstem The U S Forest Service, recog- 
nizing these advantages, does not now pennic the use of a bedding 
ground for more dian 3 nights in succession, except during kidding 
or lambing 

Salt and Saltmg An adequate suppl) of salt for sheep is essential 
to their w ell being, also, it makes for easier herding Salting is some- 
times done cv ery night, or on alternate nights on the bedground, or 
on a suitable site on the open range or m a corral at inierv ak of 3 ro ^ 
days 
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If salting is done on the bedground, no more is put out than the 
animals will consume in any one night, lest it be wasted. Bedground 
salting is olfered to the animals in portable canvas or wooden troughs; 
or a few handfuls of granulated salt may be placed on grassy spots, 
rocks, or hard ground. If portable troughs are used, each about 3 feet 
long, three are sufRcient for a band of 1000 ewes and their lambs, since 
only a part of the sheep will eat salt each night. 

Of the granulated or crushed salt, a sheep will consume about Vi 
pound of salt per month on succulent feed and somewhat less on dry 
forage. Slightly more should be provided to offset wastage during 
rainy weather. Rock or block salt is objectionable, because sheep are 
likely to break their teeth on such “hard” salt. 


Range-Goat Husbandry 

Goats reared on the western range are of the Angora breed rather 
than of the milk breeds. Angoras are raised for two commodities: 
mohair and meat, called chevon. Another reason why some ranchers 
keep a few goats is to suppress or destroy brush. 

Goat raising as a specialty is usually confined to ranges having the 
kind of browse that can be utilized more efficiently by these animals 
than by other stock. In 1946, the seven leading goat-raising states, 
m the order named, were: Texas, Arizona, New Mexico, Missouri, 
Oregon, California, and Utah {32), 


Management Considfrations on Open Range 
Profits from goat herds and range condition arc both directly affected 
by the way the animals are handled and the suitability of the feed. 

Desirable Goat Range. The suitability of range for goats depends 
to some extent on the climate, but chiefly on the forage. Regions of 
mild Avinters, reasonably drj' atmosphere, .and an altitude of from 1000 
to 2500 feet arc especially adapted to goats {40). 

*nAe ideal range should provide forage suitable for goats at all times 
of the year. It should be well drained and free from prolonged heavy 
nuns; ic should have adequate water, well distributed; and several dcsir- 
i>hlc sites for bedding grounds. 

Abundant suitable browse is an essential requirement for goats. 
Although they feed upon a varicn* of plants in spring and sumnier, 
including tender grasses and forbs, broNssc composes much of their 
”>ct at all seasons (af, 40). In winter, as hen grasses and forbs arc less 
palatable or covered by snoAs% goats subsist almost exclusively upon 
>rowsc. Deciduous brush species rank highest as feed during summer 
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and fall, and nondecicluous (escrgrccn) forms arc primanh jmportanr 
m V inter 

Most \iood% plants of the United States are browsed b\ goats to 
some extent. In the West, the following arc among the more im 
portant {^) Apache plume (raHwgw pnadoxa), aspen {Popiiltis trami 
hides), bitterbrush {PitrshtJ tridcntata),* ' deerbrush {Ceaiwtbtts itj 
tegemimis)* Fcndler ccanothus (C (cndlcrt)* wedgeleaf ccanothus 
(C cinieatus),* cherrx (Prmmr spp), cliff rose (Cowjnw stanslnirt 
ana),* jumpers {Jtimpcnis spp),* maples (Acer spp), nianzanitas 
{\fanzantta spp), New Mexico locust (Robwii ncoinexicana), oaks 
(0«erei/r spp ), roses (Roiaspp ),* sagebrush {Artcnmia spp ), scrxice 
berr> (/47«e/<?;7e/;ierspp ),* silktassels (Gjrr>'j spp ), snowberrv (Syni 
p/joncjrpoj spp ), sumacs {Rhus spp ), and willows {SaUx spp ) * 
Poisonous Plants 1 ittle specific information is available concerning 
losses of goats from eating poisonous plants The popular belief that 
goats can live and thrive on anv feed is not true Chaplmc {9) con 
eluded that several plant species that arc poisonous to cattle and sheep 
also cause losses among goats. 

According to Marsh {24), the following plants are responsible for 
most losses among goats from poisoning on the w estem range cov otiHo 
(KflT-u.mr/.ra hwiiboldtiana), cra7v*wecd (Oxytropis hnnbertii), locos 
{Astragalus spp), and poison bean {D xubaitonta drtmnnotidn) 
These plants are common m the southw cst w here uoais are raised most 
extensiv elv 

Control of goat losses from poisoning lies in the field of prevennon 
rather than cure as discussed m Chapter 2J 
Herding and Use of Bedgrounds Small goat herds are general!) 
grazed on fenced pasture Under such circumstances goats, like sheep 
graze singb or in small groups and bed dow-n where nighc overtakes 
them Under open range grazing handling of the herd, w hich should 
not exceed about 1200 mature animals entails manv problems similar 
to that described for sheep Goats should be grazed quietlv and 
openh , the herder should be in front of the band to turn back or slow 
down the leaders and he should use dogs limitedlv to prevent the 
animals from bunching 

The too common practice of bedding goats m a corral at the ranch 
headquarters should be discontinued Although the one night bed 
dmg out camp sv stem is ideal, it is less commonlv emplov ed for goats 
than for sheep The next best pracocc is to use several bedgrounds, 
each for not more than 3 or 4 nights in succession, so the animals are 
near fresh feed each morning 

* Species that are highlj palauble to goats are indicated b> an astensL 
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Salt and Salting. Goats, like sheep, are more easily handled and 
thrive best when salted amply, regularly, and at frequent intervals. 
Granulated or crushed salt may be fed each night in small quantities 
on the bedground, or in larger amounts every 5 to 7 days on bedground 
or on range. The salt may be placed in boxes or troughs, on flat rocks, 
firm ground, or in portable canvas trouglis (P). 

Goats will eat 3 V 2 to 4 pounds of salt per animal per year. They 
consume a larger amount while on succulent feed than on mature forage. 


Breeding Season and Care of Kids 


The successful producer gives much thought and attention to the 
breeding of his goat herd and to the care and management of the 
young kids. By selecting good, purebred bucks and by proper annual 
culling of undesirable does, the herd will respond unmistakably to 
nature’s laws and make for a more profitable enterprise. 

Mating Season. Does seldom come into heat until late summer, 
fail, or early winter. Since the gestation period varies from 147 to 155 
days, the bucks are usually turned in with the does in October and 
November so that kidding comes in March and April. 

The bucks should be purebred Angoras and preferably long yearlings 
of good vigor. A ratio of 1 buck to each 40 or 50 does is satisfactory 
for a macing season of about 45 days. The herd should be on succu- 
lent, nutritious forage a few weeks before and during the breeding 
season. 


The Kid Crop. The percentage of kids raised is a big factor in 
determining profits. The highest percentage of kids is generally ob- 
tained where the toggle or staking system is used, preferably combined 
'vith the employment of individual claiming pens for does that disown 
their kids. In using the toggle system the individual kids arc staked 
some 10 feet apart. The rope is about 15 inches long and has a swivel 
and leather loop fastened to the kid’s fetlock ;oinr. Eacli kid should 
tavc a simple shelter for protection from strong sunsliine or rain. The 
hoes arc taken out to graze early in the morning and brought back 
^hut U A.M. Tivey are again moved to the grazing grounds in the 
temoon and arc returned to the camp for tlic night. Kids bom at 


hcadi 

the 


‘quarters arc toggled with minimum delay, and tliosc dropped on 
range arc brought in with the docs for toggling. The kids arc 
’cpt toggled for 10 days or so, or until strong enough to follow the docs 
the range. 

Sonic operators prefer the pen system exclusively, since it entails 
work than toggling and usually results in a good kid crop. In 
stein the tiocs and kids when the kids .arc strong, .arc transferred 
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from the mdn idual pens to snia!) communit) pens w here kids of about 
the same age are grouped together In r))c njomm^r the docs arc 
sent out to g^raze and are soncti through a chute into tbcjr respective 
pens in the evening In a few davs the docs and kids arc transferred 
to the larger ‘mixing pens When 10 to 15 davs old the kids arc 
placed m a still larger pen and are linalh permitted to follow the docs 
to the range 


Brlsh CtrARisr Ih Go its 

Since goats feed cxtcnsivcU upon vvtK»dv plants thev are often cm- 
plnvcd for thinning out or clearing hrushv areas Grasses and forbs 
occupv the ground as the brush gives wav , thus making the area more 
suitable for grazing h\ other kinds of livestock 

Goats are most cfTcctivt in dcstroving brush after a fire has been run 
through It Brush or tree species that sprout provide relished food 
for goats, and the seedlings are also cropped back Goats are most 
effective when confined b\ a fence and kept on the area vcarlong 
To destrov dense stands of sprouting brush 2 or J goats mav be grazed 
per acre the first vear, and the numlicr is decreased as the browse is 
thinned out Some operators prefer to divide the pasture into rv»o 
equal parts and to rotate the grazing from one unit to the other even 
third week as the sprouts revive B\ this method land can be cleared 
in 2 to 5 vears A fairh good profit can usualK be realized from 
Angoras while thej are destrov mg the brush 
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Chapter 16 


RANGE CONDITION AND TREND 
AS GUIDES TO BETTER 
MANAGEMENT 


The theme around which this chapter is built is that “moderate graz- 
ing pays.” If decline in grazing capacity is recognized early and the 
adverse factors are corrected, most ranges will soon regain their pro- 
ductivity. But, if the depletion is far advanced, radical management 
adjustments must be made and recovery will be slow and costly. 

In recent years research workers have set up guides to assist stock- 
men and land administrators in recognizing various degrees of range 
depletion— termed “range condition”— and in noting departures in 
the botanical composition of their ranges— referred to as “trend”— or 
succcssional changes in the vegetation. 

In this chapter range condition and trend arc defined, the history 
of and reasons for decline of the western range are considered, and 
methods of raring range condition and ways to use these ratings to im- 
prove and maintain a desirable range cover are outlined. 

Range Condition and Trend Defined 

Range condition and range trend arc intimately associated, for one 
is a reflection of the other. 

Range Condition 

Tlic popular usage of the term "range condition” refers to the forage 
production of the current year, season, or month as compared with 
ihat of the last or some other year. 

Since climate may greatly influence forage production, the term 
clh/r,itie co7iditio7i approach has been suggested for popular condition 
classification (2a). The monthly climatic and summaiy reports com- 
piled hy ilic Bureau f>f Agricultural Fconomics for the rangc-livcsrock 
Slates supply the data for these reports. Tavorablc current climatic 
factors account for cxccllcnt-to-good range condition, unfavorable 
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growth seasons for fair-to-poor tonduion Tl^c climaiic approach 
(iocs not consider forage composition, amount of mulch on the ground 
surface, erosion, or the potential gni7!ng capacits of the area Al 
though the popular condition approach is useful m indicating the cur- 
rent \oIumc of hcrhauc, it docs not reflect needed correction for a 
declining range 

TJic technical usage of range condition as cniploscd bv range con- 
scrsationists refers to the response of forage coscr and soil to the 
grazing practice in operation taking into account also current climatic 
conditions It is defined as the stJtc of health of a specific range area 
and is expressed in the amount of forage that an area uill produce 
under the best practical management (S) 

Condition broadU depicts for specific range units the character, 
amount, and stabilin of the forage crop and the ainoimt and (jualits 
of livestock products that each should produce Ranges in excellent 
condition* \ield maximum returns, but, unless kept so. production 
vv ill decline and cost of openrion w iH rise Lxccllcnr-condition ranges 
have a stable productive sod, at least a thin lav cr of dccav mg vegetable 
material between plant tufts, and usuallv a dominance of climax or 
subchmax vegetation Dvkstcrhuis (12) defines range condition as 
‘the percentage of the present vegetation which is onmna! vegetation 
for the site' Accordingh, condition of a range unit reflects the 
combined effects of its bistorv, past and present usage, climate soil, 
and vegetation 



HISTOR\ or DECLINE OF THE WESTERN RANGE 


361 


History of Decliae of the Western Range 
On all continents the grazing capacic) has declined perceptibly and 
the less desirable forage plants have markedlv replaced the better ones 
The most se\erely punished tracts occur in the older low-ramfall 
countries ^\here unwise grazing has been practiced longest and where 
periodic droughts hate hastened the effects of evcessive grazing {S2) 
Portions of Nortli and Sourli Africa, Greece, Spam, Indn, and Palestine 
are outstanding examples of grassland devastation In the younger 
nations, Australia, New Zealand, and western United States, few 
tracts can now match the ) leld and forage quality they produced m 
their virgin state 

The bistort of range decline is well illustrated in western United 
States The transformations hate been summarized as follows {36) 
When the white man first placed his animals on the western range the forage 
crop seemed inethausnblc ProbabI> a tcgetal resource was never exploited more 
rapidly, for wild tales of quick profits lured thousands of stockmen to send their 
animals to the West Soon the ranges were stocked far in excess of their carr>ing 
capacit> Within half a century or less of uncontrolled grazing the ranges became 
5cnousl> impoverished Bartlett (2), in 1854, glowingly described the productive 
grasslands of Texas and the adjoining territory But soon after the coming of the 
railroad, in 1883 these lands were overrun with livestock, and withm a few years 
extensive grass stands yielded to mesquite bush and pricklj pear (J) In California 
as earlj as 1865 General Bidwell (4) recognized that the indigenous grasses, once 
so abundant w ere fast disappearing from the plains 

In 1939, the Forest Service (45) estimated that the reducuon in carr> mg capacity 
of the now existing western range was 52 percent below its virgin condition On 
some 55 percent of the entire range area, forage resources had been reduced by 
more than half V’^anous choice perennial bunchgrasses and highly pafaCaWe shnrbs 
had disappeared largely or completely on some ranges, and their place was taken 
by such unpahtable plants as sagebrush {Artmiista spp ) and exotic weedy species 
such as downy chess (Bro7ims tectonnn), star thistle {Centattrea spp), and 
Russian thistle {SaJsola pestjfer) 

Although manv of the earlier range-hnd abuses have been corrected, 
progress in adopting better management and improved range condition 
has been slow 

Soon after the public lands, notably the national forests, came under 
control, admimstratwe studies showed particular need for (1) placing 
the kind of stock on the ranges m accordance with the character of the 
forage, the nature of the topography, and the availabilicv of water, 

(2) adjusting livestock numbers to the carrying capacitv of the range, 

(3) obtaining more uniform grazing through better livestock distribu- 

(4) dehv mg spring grazing until the forage has made adequate 
growth, and (5) less close grazing gcncrallv and deferred-rotation 
grazing of critical areas 
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In the absence of cxpcnmtntal hickgrowml fo shou \ihat consrjrutcs 
suirablc gra/inf' reasons, proper nnpc use. and trends in nnirc condition, 
pioneer stockmen and range adimmstrators attempted to ad)iist the de- 
gree of cropping b\ ocular estumtes of whit ilic\ bclicicd to be safe 
grarmg use In recent \cars the Soil Conscnation Sen tee has been 
pinicubrlv cfTcctnc tn giiing cooperating ranchers idvice and tech- 
nical assistance in matters of sound range tonscraatton practices (Oiap- 
ter 24) Despite these efforts, grazing cmpacits continued to decline, 
reflecting the dire need of further range-land research and catenston 
work 


DereJopment of Range Condition Concept 
TIic general ideas of how to rccogni/c range conditions arc exceed 
ingl\ old Tlic theme of grazing and of adcijuatc, prodiicinc fields 
of grass for the cattle carries all through Genesis and I-xodiis (IP) 
On the western range the earliest imcstigators recommended that 
stocking be such as to ‘improic the condition of the range The 
more outstanding pioneer workers were \ asc\ (4F). Smith (JS) 
llcntlcs (3), GriHlth (JS), and Tliombcr (44), whose findings were 
reported between I8S8 and 1910 Howceer, the rant;c*usc planning 
and impros enitnr programs of rodaa had to await subsequent researches 
and the sa mhesis of these findings 

In 1936, Talbot and Crafts (43) pointed out the need for some 
simple means of differentiating between range areas m aarious stages 
of depletion In 1938 Spence (39), wtshinu to gi\c an ecological ex 
presston to the effects of grazing, proposed liic term “range condition 
Among subsequent contributions the works of Renner and Johnson 
(33), Costello and Turner (W), Ilumphrci (21), and Pickford and 
Reid (29, 30) were particularU helpful in showing how to recognize 
range-condition classes and how these classes could be applied m prac 
tical management In the meantime numerous reports on the subject 
have been published for local use, cspccialK b% the Sod Conscnation 
Service {16, 23, 24, 23, SO) 

Although the classifications proposed differ somewhat according to 
climatic regions and plant associations, thev were mostJ> built around 
the concept of trends m the succession of the range plant cover Ac 
cording to Dvksterhuis {12) 

Since the description [of range condumn] usuallj shows a different 
flonstic, or species composition for each condition class it is con 
eluded that the concept of range condition classes dates back to research 
bj Sampson {34, 3S) 

Sampsons researches published in 1919 after 13 jears of stud) »n 
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western United States, contains the conclusion “that the most rational 
and reliable way to detect overgrazing is to recognize the replacement of 
one type of plant cover by another.” Equally important was his conclu- 
sion — ^“the grazing value of the vegetative covers is essentially determined 
by the stage of succession. Locally, and indeed generally, the carrying 
capacity and forage value are the highest \\ here the cover represents a 
stage in close proximity to the herbaceous climax and lowest in the type 
most remote from the climax.” This was application of the Clementsian- 
concept of plant succession and climax to practical range problems 
(Fig. 75). Later researches (5, 6, 11, 30, 31) covering both plant pro- 
duction and succession showed differences in methods, as in locale, but 
served to confirm Sampson’s (55) conclusions • • The “stage” concept 
of range degeneration of Sampson (55) meanwhile had been trans- 
formed into range condition classes. Humphrey (22) traced early 
development of the use of range condition classes in forage surveys. He 
also presented one method of determining range condition. There are 
now many W'ays of determining, as well as of applying, range condition 
classes. This is true of classifications that do not depend upon position 
of the vegetation in the scale of secondary succession. For example, one 
view is that range condition may be measured directly m terms of forage 
production. However, ecologic research shows that forage production 
is generally only a reflection of range condition. Also, that range re- 
covery is accomplished through secondary succession (5). 

According to Renner (52): 

Although there arc some exceptions, generally speaking, the high pro- 
ducing forage species are components of the climax vegetation. They 
usually provide the best possible protccdon to the soil, the greatest variety 
and quantity of forage, the highest grazing capacity, and the greatest 
production of livestock products. 

Reasons for Decline in Range Condition 
Three factors frequently account for the decline of range condition: 
too close and/or unseasonable grazing; invasions of w'oody plants; and 
abnormal climatic conditions (77). The first factor is subject to direct 
control by the operator; the influence of the other two can be mini- 
mized by adopting tested management practices. 

Too Closc Grazing 

Grazing beyond the endurance of the forage cover is tlie most wide- 
spread single cause of decline in range condition. Too close and espe- 
^Thc late Dr. F. F. Clements, dcser\edly called the “father of American plant 
traced the sequences m plant succession in western United States (7). 
His studies helped formulate range-condition classes and advanced techniques 
useful in range research. 
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cially too early spring cropping adversely affects forage yield, plant 
composition or trend, and adequacy of mulch, and it promotes soil 
erosion A range long oveigrazed has usually lost a large proportion 
of Its best forage plants This is commonly accompanied by increase 
m unpalatable or even poisonous plants, and by lower ammal produc- 
tion 

Any development toward a better qualitj' of forage is associated 
with increased vigor of the highly palatable plants Ample, high- 
qualitv forage is the first essential m profitable range-livestock manage- 
ment 

Range condition is intimately bound up with the closeness and 
season of grazing This relationship has helped develop a technique 
of measuring the degree of grazing “Utilization,” as this technique 
IS called, is the extent to which grazing animals have cropped the cur- 
rent growth withm their reach (Chapter 17) Utilization may be 
expressed m percentage of height or weight of forage removed, or in 
such general terms as excessixe, close, moderate, or light when dealing 
with an entire range unit 

Periodic checking of the degree of utilization, such as at the mid- 
grazing season, w ill rex eal xxduch of the forage plants is most palatable 
and desirable and also w hether the condition of the range is likely to 
be lowered should all animals be Kept on the area until the end of the 
normal grazing season The concept that ctirrein range titiUzatwn 
should not he used as a criterion of lange condition is not alwaxs true 
A single season of too heaxy grazing results m a smaller amount of 
decomposing xegetafion to protect the sod agvnst erosion and in low- 
ered range condition When range condition is used to correct man- 
agement practice degree and season of use arc aluaxs considered, but 
certain otlicr cuiscs of depletion are often oxcrlookcd 


Ivotjic (firowmy Ctin/uuis) , /, lupine {I upmnt alftcstru) /IS, (Aster frori 
dens), VF, pemstenum (Vtntstctsroii proccrtis), /I, slender uheatprass (Afiropy-^ 
ron trachycjuUitn) Pi.rcnnnl forbs of low palatabilitj predomimte Mulch 
Occurs o\cr onl> ponions of the soil surface, and soil erosion is pencrall} se\crc 
111 lair rin^c condition I’N, Noada blucprass (Pot steudensis) , 1 1, Idaho 
JC^aic (/-cjif/fj tJal aeiists) , AS, aster. A, slender wlicatj'rass, AL, \arrow, S 
wibalpinc nccdle,;rass (Stipa coUnsthuna) , f, lupine, F, blue wild r>c (Flyfmis 
rIj Ota) Gravits arc abundant and are reproducing, but there arc sctcral wceiU 
1*’" I'alatnhilitj llicrc is n small aniounr of litter over most of tlic ground 
'urfacc, and current soil erosion ts moderate 
1^'- Good to excellent condition S, subalpinc nccdlcgrass. A, slender wheat- 
i'.V, Ncuda bhieprux The grass stand it pcrennul, iipomus and dense, 
^nd rcpfoduaiiin li satisfactory Mulch coytrs the ground surface, there is Imlc 
or no nutfcyjMi curren' cry»»i<«n, and cullit* hjic healed 
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that the acreage of each class and the potential capacity are the same 
and that the season of grazing is identical 
Excellent Condition Range producing from 75 to 100 percent of 
potential capacit) of the area and composed largely of the choicest 
forage plants, mostlj high m succession sequence The forage stand 
IS vigorous and all species are reproducing w ell, there is a mulch lay er 
m openings and betv een plant tufts, the soil is loose and friable, and 
soil mo\ement and runoff are no greater than on ungrazed areas This 
range uill support, without deterioration, 100 cattle for the established 
grazing season 

Good Condition Range producing from 50 to 75 percent of poten 
tial capacity Although the better perennial forage plants predominate, 
the stand contains many less desirable perennial forbs of the subclimax 
stages Whereas the forage stand is \igorous and producing an abun- 
dance of \ lable seeds, few er seedlings are becoming estabhshed than on 
range m excellent condition A few bare spots are showing up, there 
IS less mulch on the ground, and some soil washing is taking place 
No more than 75 cattle can be grazed if further decline m range condi 
tion is to be a\ oided 

Fair Condition Range producing from 2j» to 50 percent of poten 
tnl capacin The cover consists of earlv maturing medial successional 
stage plants of low value for livestock and as soil binders Undesirable 
uoodv plants mav be appearing The highlv palatable perennial 
grasses are too weak to produce much seed, and reproduction from 
rhizomes is limited The surface soil has a ‘ baked appearance, there 
arc many bare spots, new gullies arc forming, and the runoff carries 
much silt Nor more tlnn about 50 cattle can be pastured during the 
established grazing season 

Poor to Very Poor Condition Range producing no more than 
about 20 percent of its potential capacitv (poor), or less chan 25 per- 
cent (verv poor) Poor or verv poor range condition viclds a sparse 
and unstable forage, little mulch, and it offers onlv weak resistance to 
nmoff and erosion The cover is largclv composed of unpalatable 
forbs and shnibs T he better forage plants occur mainlv under buslies 
and m ntlicr protected places Not more than about 25 to 35 tattle 
can he pastured dunng the normal grazing season, and tlicv are likclv 
to be in poor flesh 

Mticii vNo Rvvrr CosniTios 

‘ Mulch and ‘ litter arc dead plant material on the soil surface 
‘5mcc Inter is used to express undccomposcd forest floor inatcnals this 
terni nnv cause confusion when applied to the residue of gnsslinds 
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In\ \sjons of ooD^ Plants 

In man\ regions of the West imasions of less desirable or \\holK 
un« anted u oodj grou th has croA\ ded out much of the desirable herba 
ceous forage coxer In the Southwest and southern Great Plains bur 
roweed creosote bush mesquitc scrub oak, and others ha\c in mans 
instances withm the memor) of the land owner greatly lowered the 
grazing capacity of large areas In the foothills of California imasior 
of ceanothus chamise xnanzanira oaks and digger pine is a normal 
successional phenomenon In the Great Basin and adjacent regions 
species of sagebrush haye materially reduced rhe range forage Studies 
of how to control these my aders are under \y ay m pr3cticall> all pasture 
regions of the United Stares (Chapter 13) 

Arnormal Climatic Conditions 
The yicissitudes of climate— cycles of drought alternating 
periods of normal rainfall— arc conspicuously reflected m the forage 
yield cspeculU in the and West Cycles of drv and yyet years in 
some regions form a reasonably predictable pattern In the Southyyesc 
for example rainfall yyell beloyy normal tends to occur eycr> 3 to ) 
y ears Dunng a 3 > car drought in Anzona the density of black grama 
{Bouteloua ertopoda) a perennial, on ungrazed plots declined 48 3 
percent and conspicuously more on hcayilv grazed plots (25) 

Climate alone markedly influences forage y leld and range condition 
and the combined effect of climate and too close grazing may quickh 
transform a range unit from excellent to loyy condition To be safe 
managers and producers should calculate the animal months grazing 
of their range in y ears recety ing slightly less than normal rainfall 

Classification of Range Condition 
Liiestock operators and administrators yyall be aided m recognizing 
trends in the coyer and stability of the soil of their holding? if they 
yvill sketch broadlv on a map the boundaries of the different condition 
classes The classes are kept broad to facilitate their use m correcung 
faulty grazing practices 

Rang» Condition Cl.assrs 

Four range condition classes are commonly employ ed excellent 
good fair, and poor The descnptions for these class'^ appK 
iicularh to grass and forb ranges but may be adapted to areas of 
nu-xed coyers such as browse and grass For purposes of compannt 
grazing capaciu of the condition ranges described beloyy it is assumed 
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>ielding, often heaMl> trampled, and usually closeh cropped— show 
little or no i^-soil horizon The poor condition units are difficult to 
impro\ e, for they are low m both mulch and humic mulch, and the soil 
IS compacted and exposed Wall barle\ occupies dark, springy soils 
u ith abundant humic mulch and produces a large amount of moderately 
palatable forage Soft chess and wild oat occup\ intermediate sites, 
less mulch is left on the ground, since their herbage is highU palatable, 
though less so than the filaree 


TABLE 20 

Mulch on the Ground, Calieornia 


Dommant Species Excellent 

Redstem fihrcc {Erodium ctcutanum) 200+ 
Soft cheat {Bramus mollis) 250+ 

^^I!d oat {/Ivena/aitia) 200+ 

all baric) {Hortietim teponnum) 1500+ 


Good 

Fair 

Poor to 
Very Poor 

100-200 

50-100 

50 or less 

150-250 

100-150 

100 or less 

150-200 

100-150 

100 or less 

1000-1500 

500-1000 

300-500 


Onh limited measurements of mulch ha\e been made on perennial 
bunchgrass and sodgnss ranges In relatnely heav\ rainfall regions 
the poundage of mulch and humic mulch on areas in e\ceJJcnr condition 
ma\ exceed that of the current forage % leld (/•/), in regions of moderate 
rainfall it may tar\ from about one third to one fifth of the seasons 
fongc growth, in scmiarid regions from around 100 pounds per acre 
on moderately good sites to a mere trace 
In general the amount of total mulch on the ground is expressed in 
percentage of ground area cohered between grass tufts 

Methods of Rating Range Condition 
Tlic method of rating range condition for a specific area is usuallv 
dcrcnnincd b\ the character of the a cgeiation, faniiharit\ of the w orkcr 
u ith a gn en technique, and the accuricv needed The most csten- 
sucK emplo\cd methods arc (1) quanutamc climax approach, 
(2) palatabilii^ rating approach (annual ranges), (3) range*potcntiaI 
approach, (4) scorecard approach and (5) three step approacli 

Quantitxtim Climxx \ppro\cii 

*niLs approach applies stnctU to perennial grasslands \s reported 
b\ Dvkstcrhuis (i2), it is based on the percentage of present segcra- 
m tlic stand that was parr of the climax Measurement is made bs 
noting the rclitjvc abundance of ‘dccreasers incrcasers and in- 
vaders’ Ml range plants belong to one of these groups Most of tlie 




(Courtesy of U. S, Soil Conservation Sen-ieet 100(6) 
Tig. 76. An area in Oregon of bluebunch wheargrass (Agropyron spscatwn), 
showing conservative grazing and good*io-e\cellcnt range condition. Stubble 
height averages about 6 inches. The numerous seed stalks connote abundant 
seed production. 



tanpe comlimm. »\!3ny gnv? tufts hate been killed, there arc few seed stalks 
*nd praaically no seedlings, ^^lc^c is little inulch, and ert>iion has carried 


aw 3>' much of the topsoil. 
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decreasers and mam of the increascrs arc \aluable forage plants and 
are abundant m stable or climat communincs The im aders are mostly 
poor forage plants, commonK abundant on otergrazed unstable areas. 

For coni enience m field \\ ork the data recorded for the four range- 
condition classes are show n m Table 21 

The total percentage of decreasers, increasers, and invaders is alw 2 >s 
100 In practical field-condition classificanon, relarne abundance 
of the three plant groups ma\ be estimated to the nearest 5 percent. 
A table listing the more common and reliable decreasers, mcreascrs, 
and invaders— and the percentage of these in each condition class— must 
be prepared for the distinctiv e range region, plant associations, and sites. 

TABLE 21 

Rasce-Covdition Classes 



ExcelUnt 

Goo4 

Fair 

Poor 

Planl 

(Relaove 

(Relative 

(Relaove 

(Relative 

Group 

Percent 

Percent 

Percent 

Percent 


aet) 

agei 

azo) 

ar) 

Decreasers 

S3~i0 

35-55 

10-30 

00-10 

lacreasers 

20-3S 

25-40 

15-25 

5-15 

Invaders 

06-10 

IO-»S 

45-7> 

75-100 


Failure to take speaficalU into account the relanv e abundance of the 
decreasers mcreascrs, and invaders has proven unsatisfactorv where 
both sodforming species and bunchgrasses compose the cov er Schultz 
(37), in eastern Nebraska, found that decrease in percentage of vegeta 
non, as measured bv the decreasers, is first accompanied bv increase 
of total vegetation m terms of basal cover or densitv Manv of the 

mcreascrs bv reason of their sodforming habit and visorous vegetative 

reproduction, fill in the interspaces between the bunchcrasses without 
apparent dernment to them, \nien coo hcaw grazing is prolonged 
to the point where the increasers begin to thm out, the decreasers drop 
rapidlv out of the stand Comparisons made according ro pounds of 
herbage produced per acre revealed that the decreasers v lelded as much 
in the good- as in the exee//enf-condmon class, in addition, the increasers 
contributed grcatlv to the \Jcld,so that total produenon was greater m 
the lower stage of degeneration from the climax, hence the grazing 
capacitv w as not impaired In the localirv studied v leld bv speaes m 
dicated the goal for management more closelv than did relative com- 
posinon bv species, notablv in the carlv stages of range detenoratjon 
On perennial grasslands of the West, including meadow s, the cbma-^ 
grasses (Figs. 76 and 77) compose most of the cover on excellent tf>- 
good-condmon ranges (5>, 70, 21, 30, 31) 



Frc 78 Annual range in excellent condUuon This area adjoins the one m 
Fig 79 but IS less steep Abundant current growth has been left each season 
to protect the seedlings and maintain soil producuvit> The gracing capacity 
IS high, and there are few undesirable plants Contra Costa County, California 
(Sept 10, 1948) 



Fig 79 Annual range in poor condiaon An undesirable co\er of annual \ege- 
^non that has been o\crgrazcd b> cattle from carl> spring ulicn soil w-as 
"ct through much of the summer after the forage had dried Note tlic nuni 
ctous hillside trails and tlic presence of weeds in the foreground Tlic grazing 
capacity IS low (Sept 10, 1SM8 ) 

m 
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PALATAniUT\-R\Tisr AppRO\ai (Annual Ranges) 

Rating of condition hj this method phccs pnnwn emphasis on the 
preference ratings b\ Inestock of the plants composing the co\er 
regardless of their successional sequence A stand composed iargelv of 
palatable plants %\oiild rcccue a high-condition rating, one consisting 
mostU of unpalatable species would be rated low 
Tlie palatabihta -rating approach is taken more or less for granted 
on such annual ranges as the foothills of California Sw ift and rausetr 
{41) classed as in ‘ satisfactors condition units of annual California 
foothill lands that supported a large proportion of such highU pre- 
ferred plants as soft chess {Qraums vioUts), alfilana {Erodnmr spp ), 
and wild oat (Atcm faluj), \oung (SO) classed as cvccllenr to good 
areas where bur-clo\cr (Medicaffo hispida)^ alfilana, soft chess, and 
scattered perennial grasses composed from 70 to 90 percent of the 
segetation Ranges in fair to poor condition were dominated b% less 
desirable and undesirable range plants I lorma\ (20) points out that 
annual ranges m CNccllent-tn good condition produce a rclati'cl' thick, 
e\en, and \igorous stand of pabtable forage (Pig 78) The soil has 
a thin mulch with some dccastng vegetation on the surface, and there 
IS no acme erosion Poor condition annual ranges tend to produce 
a small, stunted cov cr containing man\ weedv plants, erosion is usuall' 
in evidence, and gullies are activc!> cutting into drainage channels 
(Fig 79) These aspects reflect past use and indicate present condition 

Range Potential Approvch 

Classification of range units by this approach amis, according to 
Humphrev (22), to exprcjs their current production in tenm of their 
ulttviate potential Such classification is pnmanK useful in recognizing 
and then setting up management plans that will bring individual range 
areas into their maximum productivitv 

Potential approach assumes that (1) range condition is not a tern 
porarv state, (2) differences m forage production caused b\ detn 
mental climate do not necessitate reclassifv mg range condition annualK , 
and (3) range m excellent or good condition will produce more desir 
able forage than w hen in fair or poor condition 

Recognition of the potential jield capacitv involves consideration 
of all pertinent factors, especiallv forage composiuon and densit> , plan^ 
vigor, amount of mulch present, and degree of soil erosion Plant 
composition is regarded as essenml to condition classification, hut 
densit) of cover has too frcquentlvr been ignored A range chat has 
onl> 0 2 densitv of highlv desirable species but which could support 
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(3) checking the pncticibilitj 'ind devising a means of measuring trends 
on range allotments, and (4) determining the place of photographs in 
recording condition and trend Co>\ orkers of all U S Forest Service 
regions and stations agreed that m order to follow trends permanently 
located plots or transects must be established on representative areas 
of the allotments im esngated 

The Three Step Method incorporates the more desirable features of 
several quantitative methods Step one adapts the Australian point- 
observation method (Chapter 4) in which a ^-inch wire loop is 
dropped at foot inten als along a rape to note presence and identity 
of vegetation and the proportion of ground surface covered bv mulch 
Permanent stakes mark the transect location Step t'lio employs the 
Southwestern Condition and Trend Score Card for noting additional 
essential facts Step thee provides for taking two key photographs 
along the transect which record, m part, the elements observed and 
measured in the two previous steps The numerically expressed data 
are analyzed statistically The time required for taking the three sets 
of records is low for experienced men some 25 minutes for step one, 
b minutes for step two and 8 minutes for step three 
No claim of adaptabilitv or success m all grassland associations is 
made for the Three Step Method Since it appears promising, further 
study seems xvarranted 

Improved Management, the Key to Better Range Condition 
A knowledge of range condition will point the xvav to needed im 
provements in management and xviU familiarize the operator with the 
forage resources of his lands 

Although there is no miraculous short cut or inexpensive wav of 
bringing back a range unit from poor to excellent condition the best 
procedure is to coordinate the grazing use with the annual production 
of forage under existing conditions {33) 

Season and intensitv of grazing should be adjusted to favor the 
development of a plant cover and mulch adequate to piotect the soil 
mantle, this measure should bring about reproduction of the higher 
successional or otherwise desirable forage plants Conservati\ e stock 
mg is essential to all improv ement measures 
In improving the range condition, the opentor should consider the 
merjts of (i) adopting a later or shorter grazing season, (2) obtaining 
better distribution of the livestock over the range, thereby mmimi/mg 
^potev overgrazing and too light cropping elsewhere, (3) reseeding or 
’'Pplv ing deferred rotation grazing on areas m special need of revegeta- 
^^n, (4) placing division fences for better distribution of the animals 
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0 4 densR, has sometimes been classed as in excellent ^ 

of fair let us sac according to .ts potential P^ductlOT ° ^ „ 

ranges notable cutover lands, potential production mp gtadua y 
change primanly because of plant competition, 

excesnve grazing Much of the restocking cutover ponderosa pm 

forests of the West, for example, have shown sharp 

sitv of perennial bunchgtasses (t) In man> instances B™'™ 

has extended into grassv glades and into meadow s vv here the 

has dropped Tlie potential forage production of these 

unchanged, hence thev must be classed as in poor condition reg 

of whether it is uneconomical to remote the timber or brush 


ScORECitRD APPROtCH 

Classification h\ this means implies that the examiner after inspecting 
a range unit has ansv-ered on a special card or sheet the vanous 
tant questions pertaining to condition outlined thereon In t c a m 
istration of Federal lands and other large acreages the to ttm 

one can classif) range condition is predicated on x\hat can be done 
limited funds and personnel Sampling of condition, m genera , rn 
be confined to critical areas a nfl'i 

Confronted Mith this practical problem Parker and Woodhead ( / 

de\ eloped the Southu cstem Condition and Trend Score Card for gM 
mg condition and trend on perennial grassland ranges The 
non is based on numerical values empmcallv assigned to the following 
pnmar) topics ( I ) general health and \ igor of the chief forage species, 

(2) densirv, composition and the overall grazing value of the cover 

(3) successional indicators, including annual grasses weeds, and noxious 
plants, (4) soil indicators such as amount of mulch, general extent o 
soil removal and degree of gulK formation, (?) animal indicators, 
including weights madebv the stock grazed and appraisal of the popu a 
tions of rodents and rabbits The summarized score of numenca 
values assigned to each heading automaticalK classifies the range into 
‘excellent, good fair, or poortoverv poor* condition 

Outlines similar to the score card have been emplojed b\ othe 
workers {21, 33, 42) 


Tiir Tiiref Step Method 

Other approaches of range condition and trend mav best be indicated 

bv Parkers (27) Three Step Method 

Considered for administrame use on nanonal forests the mem 
aims at (1) developing a practical method for measuring tren 
(2) considering the adequaev of present range-condition standar 
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along the outer boundaries of the different condition classes in order 
to graze lightly the portions where improvement is needed most, 
(5) herding the animals awav from areas especially in need of improved 
condition, (6) placing salt and developing stock water on units in 
excellent or good condition* (7) avoiding close herding of sheep and 
goats or of camping overlong on convementlj located bedgrounds, 
and (8) obtaining better financial returns b\ grazing with the kind 
of stock best suited to utilize the range and considenng whether more 
than one kind of stock should be grazed 

In judging range condition it should be kept in mind that soil stabiliza 
tion IS of primary importance Areas w here accelerated soil erosion is 
taking place are in unsatisfactorv range condition On such areas soil 
stabilization should be regarded as primary and forage utilization as 
of secondary importance 
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Two questions confront all successful range- and farm-pasture 
operators in the harv^esting of the yearly crop of forage: “How closely 
may a range area be grazed without damage to forage stand and soiP” 
and “How may one determine how closely a range unit has been 
grazed?” The knowledge available on the subject, though not final, 
can do much towards stabilizing the grazing industry. 

Standards of Range Use 

By definition, range-utilization standards-also termed “allowable” 
or “proper” range use— is a yardstick or indicator guide for judging 
the closeness of grazing allowable on a range area in the interest of 
livestock and the natural resources such as forage, soil, and water. 

Stockmen and range administrators have long endeavored to estimate 
the numbers of livestock that their ranges would support; yet today 
depletion is apparent over a large part of the western range {2S). 
Most of this low condition is the result of overly close and repeated 
cropping that took place in advance of research guidance. 

Setting Up Range-Use Standards 
The basis for use standards is the degree of grazing that the primary 
species on representative range units will withstand /f, /tf). The 
measure of safe use is commonly expressed in a percentage of average 
leaf length (or stubble height) and number of flower stalks that should 
remain when grazing ends. The standard set up is influenced by 
''■arious factors such as quality of sice, climate, and range condition. 

c.xample, a 3-inch stubble of blue grama in the Southwest would 
leave more of tlie season’s growth than occurs in all the rest of its 
height growth and would be wasteful of forage; but a 3-inch stubble of 
slender wheatgrass in the Northwest would represent too close crop- 
Pmg, and would harm the stand. Ordinarily, from 35 to 50 percent 
cf the current volume (by eight) of forage should remain at the 
end of the grazing season. Use studies Jiavc been carried out in many 
pJ'rts of the West under experimental control and according to srock- 
379 



RANGE CONDITION \S A MANAGEMENT GLIDE 


ment of Natural Gmmg Lands’* Proc Inter Atii Conf on Corner ation 
of Rene'^able h antral Retotirces V S State Dept Pub 5J8’ 52 5?3 

33 Reuses, E ajsD A E Joiisson “ImproMng Ran-^e Condioora /or 

Wartime Livestock Producnon” U S Dept Fanuerf Bull I9n 

J 18 

34 Si-MPSON A M 1917 “Succession as a Factor in Range Management. 

; Forestry 15(4) 59J-S96 

35 Sv-MPSON AM 1919 "Plant Succession in Relauon to Range Manasrement. 

U S Dept At^ Bull 791 1 76 

36 SAMPSON A M 19>0 “Application of Ecolosical Pnnciples in Decemuning 

ConditiOTi of Range Lands” United \attons Setenttfie Conference on the 
Comer atton and Vstlization of Resources Land Resources A oI \T 
3 ScHtLTz A M 19}0 Cbangcr in True Frame Vegetatton Renihwg front 
Different Interuities of Grajng Unpublished Ph D Thesis, Unis Neb., 
Lincoln (Tjpeuntten) 

38 Smith J G I89j “Forage Conditions of the Praine Region." In V S 

Dept Agr ISff Vejrhook of Agnetthure pp 309-324 

39 Spe'-ce, L- E. 1938 “Ranirc Manaccmenr for Sod and M aier Consers anon. 

Utah Jumper 9 18-25 

40 Stooosht L A„ and A D Sstint. 1943 Range Management McGraw H3I 

Book Co, Tnc, Ness \otk. 54“ pp 

41 Ssnrr L M, aso A FAtscrr 1939 “Range Lnlizanon Standards A 

Range Inspection Handbook for the Nanonal Forests of California " U S 
Dept Agr Forett Seriee Region S San Francisco (Mimeographed.) 
38 pp 

4’ Taebot M M 195 Indicators of Southssestcm Range Condioons 
V S Dept Agr Farmers Bull I7‘*8 1 3) 

43 Taisot M M, anti E. C Qurrs 1936 “The Lag m Research and Ertefl 

son" The 11 estem Range 14ib Congr^ 7d Sess^ Senate Document l99 
185 19’ 

44 Tiio*sec», J } 1910 "The Grazing Ranges of Anzona" An^ Agr Eapt 

StJ Bull 6j 24j m 

45 U 5 Dept Agr Forest Ser^ce 1936 "The M estem Range " £7 5 '7/i’ 

Congr^2d Sess^Senate Document 199 IhS’O 

46 17 S Depf Agr Forest Se»-7Ce Region 4 1939 “Range Unlizanon Hand 

booV" <M meocraphed ) 37 pp 

4“ C/ S Depf Agr Forett Sertee Region I 1939 “Ranee Manacemeni Hand 
book, wiih Instniccions for Range Surtej Procedure Preparation of 3lan 
agement Plants, and Range Inspccnon." 8 pans ( Mimeotrraphed > 

48 \ Ascs G 1888 “Report on an Insesnganon of the Grasses of the And 

Distnets of Texas, Ness Mexico Arizona, Nevada, and Utah 10 1887” 17 5 
Dept Agr Dr of Botany Bull 6 1-60 

49 Meaitk, j E, A\n F E. Ctistcvrs. 1938 Plant Ecology McGraw Hid 

Book Co, Inc, Nc» Aork. 601 pp 

50 A OCNG. A A 1945 “Proper Grazing Lse on Southern Califom a Annual 

Tj'pe Ranges.” V S Dep Agr Sod Conxer'anon Sertce Region 7 
(Processed.) 1 1 pp 



STANDARDS OF RANGE USE 


381 


standards: clipping experiments with representative forage species to 
simulate grazing, and pasture studies. 

Clipping Experiments. Systematic clipping in the West proved 
helpful in noting the relative grazing endurance of different forage 
species and pointed out the importance of recognizing the degree of 
grazing use (45). The physiological results of these tests were re- 
ported in Chapter 3. 

Although these studies had several inherent disadvantages, such as 
clipping at a uniform height and failure to note height-weight relations 
(25, 27, 46", S3, 57), they brought out the following: (1) forage and 
seed-stalk production varies inversely with the number of clippings; 
(2) grasses of dissimilar growth forms respond differently; (3) frequent 
spring clipping causes the heaviest decline in yield, vigor, seed produc- 
tion, and root growth (Fig. 80), especially during drought periods; 
(4) setting up practical demonstrations of grazing intensities is 
necessary. 

Pasture Studies. Sheep, cattle, and more limitedly deer, have been 
used to demonstrate grazing capacity and proper forage use on fenced 
areas in several western range regions. The earlier tests were set up 
to demonstrate variation in grazing capacity of the forage acre (Chapter 
18), later trials to determine the effects of season and closeness of crop- 
ping on individual forage species and on the cover as a whole (J7, 26, 32, 


Vaiuation m Use Standards 

Regardless of the condition of a range area, forage production varies 
from year to year because of fluctuations in rainfall and its distribution 
(40, 42). Droughts are so frequent on the western range as to enter 
specifically into management planning. In high-production years the 
abnormally large amount of forage remaining is not wasted but forms 
needed mulch. Stocking should not be increased, for rainfall below 
normal may occur in a season or two. The rule of stocking on the 
basis of slightly below-average growth years should never be over- 
looked. 

On lower-quality sites and on ranges in poor condition, grazing 
should be sufflciently light to build up planr vigor and allow for some 
seed formation. As a rule about 60 percent of the current forage 
'olumc and 25 percent of the flower stalks should be left on such areas. 
Use of the range-condirion-survey method is exceedingly helpful in 
'owing what parts of a range area especially need improvement, 
he procedure entails mapping of the soil types to determine land 
capabilities (7), supplemented by photographs, a descriptive report, 



rangc utilization 





1926 But It was e means of recognizing proper use 

“rC^p^cXes'Tv^^oU^led .n d.e,op.„g .he phdo.oph. of 
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pearance; (3) sufficient forage should be left to hide squirrel mounds, 
livestock trails, and the like when viewed from a distance of 20 feet; 
(4) forage under shrubs and around rocks should be only lightly 
cropped; (5) a large proportion of seed heads of the less preferred grass 



F^. 81. Intlicators of too dose grazinsr on annual foothill range: turkey mullein 
^^Tanocarpus Jct'igcnis) often occurs on poor-condition ranfc of tJtis kind. 
plant cover left on ground after heavy grazing averages about I inch in hciglu. 
2nd the area has a smooth, sHckcd-off appearance. Small rocks, as well as squirrel 


and gopiier mounds, arc visible from a distance of 20 feet. 


spccjcs should remain imgrazcd; (6) bur-clovcr seeds should be modcr- 
^icly abundant on the cround surface where tliis species is common 
fil). 

use standards mentioned here arc subject to adjustment accord- 
to local conditions. 


Usr. Sr.VNUAnus ior Rrowm: RAvenis 
AUliough proper use of the brge acreage of brt>usc ranges is of 
l^tcat ituportance, they have received relatively little study. 

"itcrc highly preferred graiws and forbs compose ?5 percent or 
*horc of tbp range forage, tisc standarxls shtnild tirih’narily be focusctl 
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and a map to sho\\ locations of the range condition classes (Chapter 
16) From the facts noted, rational utilization adjustments ma\ be 
made to improie the units below good condinon 

Use Stand\rds for Grass and Forb Rangf-s 
Standards for these plants are common!) based on leaf length or 
stubble height 

In the Southwest, Crafts (i7) found that when blue grama {Boute 
loua gracihs) was cropped within 2 inches abo\c ground, 92 percent 
of the height grouch was grazed, 55 percent of the volume taken, and 
45 percent of the volume left Such average height represented allow 
able use for this plant, which has most of the forage volume concen 
trated in the lower 2 or 5 inches Curl> mesquitc, with a slightl) 
different growth partem, requires a stubble height of about 3 inches 
(4, /7), Arizona fescue {Festuca anzoinca) 5 inches, and side oat 
grama 4 inches {IS) 

On mountain range in the Nonhwest, Pickford and Reid (50) re 
ported that an av erage leaf length of not less than 3 inches should be 
left to mamtam such useful species as bluebunch wheatgrass {Agro 
pyron spicattmi), Sandberg bluegrass {Poa sectinda), and green fescue 
{Fertuca nridula) A similar leaf length should remain on meadows 
dominated bv tufted hairgrass {Descharnpsta caespitosa) and associated 
species {SI), leaving about aO percent of the current growth ungrazed 

In the central Great Plains, Costello and Turner {14) concluded that 
blue grama ard buffalo grass {Buchloe dactyloides) should have a stub 
ble height of \% inches m good growth >ears and VA inches m poor 
sears The lower stubble height m poor >ears is due to the reduced 
height growth of these plants 

\Miere a large part of the forage co\er is composed of cw o pnmar> 
species one of w hich has a higher preference rating (palatabihtv ) than 
the other, the use standard must be geared to the plant w ith the highest 
preference For example mountain muhlv {MuhleTibergu j/ro/iiana) 
and Arizona fescue (Festteca arizonica) often predominate on timber 
ranges m northern Arizona WTicn the more relished muhlv is grazed 
to the standard adopted the range should be regarded as properlv used 
even though the fescue is underutilized according to its standard (16), 
otherwise the muhh would be cropped excessnel) and the range as a 
whole would be overutilized 

On California annual grass ranges, Hormav and Fausert (5/) found 
that units m satisfactorv condition have the following appearance 
(1) adequate mulch, and average stubble heiqht should be about 2 
inches, (2) the rcmaimng vegetation diould have a mottled patchv ap- 
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pearance; (3) sufficient forage should be left to hide squirrel mounds, 
livestock trails, and the like when viewed from a distance of 20 feet; 
(4) forage under shrubs and around rocks should be only lightly 
cropped; (5) a large proportion of seed heads of die less preferred grass 



Fig. 81. Indicators of too close grazing on annual foothill range: turkey mullein 
{Eromcarpiu setigenis) often occurs on poor-condition range of this kind. Dry 
plant cover left on ground after heavy grazing averages about 1 inch in height, 
and the area has a smooth, slicked-off appearance. Small rocks, as well as squirrel 
and gopher mounds, are visible from a distance of 20 feet. 

species should remain ungrazed; (6) bur-clover seeds should be moder- 
ately abundant on the ground surface where tliis species is common 
(F’lg- 81). 

The use standards mentioned here arc subject to adjustment accord- 
ing to local conditions. 

Usr. Standakiw vor Browsk RANcii? 

Although proper use of the large acreage of browse ranges is of 
great importance, thev have received relatively little study. 

Where highlv preferred grasses and fotbs compose 35 percent or 
more of the range forage, use standards shmild ordinarily he focused 
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on the herbaceous co\er (52) This is justified because of the rela 
tiiel) high feed lalue of the combination of brot%se and herba- 
ceous forage and the relamely greater soil protection afforded b> the 
herbs 

Forshng and Storm (2(f), ttorking m southern Utah, found that the 
bro^\se ^\as best maintained where it was not cropped too earl> and 
where one or more lateral buds were left on each twig This would 
usuall> require that at least 20 percent of the current growth be left 
uncropped (57) Where about 15 percent of the current growth of 
the less preferred shrubs w as taken, the highly palatable brow se species 
were properlj uti\i 2 ed 

Working with bitterbrush {Ptirshia tndentata) m northeastern Cab 
forma Horma> (30) reported that close browsing in successive jcars 
IS the chief cause of its deterioration About 40 percent of the season s 
twig growth should be left to maintain desired vigor and induce seed 
production Percentage utilization was computed from estimates of 
grazed and ungrazed tw igs Where birterbrusb composes 25 percent 
or more of the total forage and is being cropped too hcavil), reduction 
in livestock numbers is advisable Where this shrub composes onl> 
a small part of the forage crop, even light grazing will cause excessive 
use An occasional season of protection from grazing is recommended 
Management of rmnv ocher highh preferred browse species is much 
the same as that for birterbrush 

In northern Idaho, ^oung and Pa>nc (6S) found chat redseem 
ceanothus (Ceanothtis sanpiineris)-3 highl> preferred sheep and goat 
browse— was not injured when 75 percent of the current twig growth 
was cropped m spring and/or fall but was damaged m carlv summer 
when 50 percent or so of the season s twig grow th was removed Thej 
proposed to resenc areas dominated b\ this browse for late summer 
or earlv fall use Cropping up to 60 percent of the current twig 
growth was regarded as sansfactorv for this and other highlv palatable 
browse species of that region 

Aleasurement of the utilization of browse vegetation is tedious (M 
52) Nelson (41) recommended the traverse board method of out 
lining the surface area of each browse plant or of individual branches 
on selected plots, setting up the plane table over permanentlv staked 
locanons to famlitate repeat mapping Most other methods used are 
adaptauons of the quadrac procedure such as counting the numbers 
of squares of canopv b) placing an overhead wire or cord frame sus 
pended on portable stakes This cedinique is useful m line transect 
sampling, since the frame is readilj moved along ih" line as the viork 
progresses 
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Forage Preference and Proper-Use Factor 

Forage preference expresses the relative “iikeability” of forage species 
by grazing animals when given free, unhurried choice on the range. 
In the earlier literature (2J), palatability conveyed this same idea. 
Later, palatability was used to express proper use, but now it implies 
the original meaning of preference (60). 

The term proper use implies the degree of grazing that an individual 
species, or the total palatable cover of a range area, may endure with- 
out damage to it or the soil. And the proper-use factor for a range 
association is the weighted average, expressed in percent, of the proper- 
use factors of its dominant individual plants. 

Forage preference more than any other single factor determines the 
kind of stock that will make the best use of a range unit. Horses and 
cattle do best on grassland, but cattle also consume many forbs and 
some shrubs (13, 22). Sheep prefer browse and forbs but feed on a 
greater variety of plants than cattle and horses. Goats are predomi- 
nantly brow'se eaters, and the practice of using them to eradicate brush 
is sometimes effective and profitable (Chapter 13). The different spe- 
cies of big game animals also have distinctive food preferences (Chapter 
22). The season of grazing is also of great importance in securing the 
best forage use and in maintaining desirable range condition. 

Determination of Range Use 

Range use is determined by cither the ocular (qualitative) or the 
uieamreinent (quantitative) approach. 

Ocular or Qualitatue Approach 
Five fairly distinct metliods have been most commonly employed 
in applying this approach. , ..... 

1. General Reconnaissance, The inspector estimates utilization by 
looking over the range systematically (Chapter 18), and comparing 
undisturbed growth, as on protected areas, against the grazed range, 
*1 his method is fast, since no plants arc measured and few if any plots 
arc used. But, since vegetal density, plant composition, and range con- 
dition arc merely estimated, various examiners might get rather dif- 
ferent results (38). 

Several refinements of the reconnaissance method have been made. 
'ITc most useful of these is the w'cight estimate by plot method for 
determining forage yield and calculating stocking rates. 

2. Ocular Estimate by Plot. This method, evolved by Pcchancc 
3nd Pjckford (48), is a refinement of the reconnaissance procedure. 
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It entails the use of many plots selected at random and small enough 
so their entire area can be seen from one point. \'^isual estimates of 
degree of cropping are made in percentages of the total weight of 
each species removed from the plots. Accuracy of the estimates 
can be checked statistically by clipping and weighing the forage on 
the plots. This method is free from detail and relatively rapid and 
inexpensive, and personal error in judging individual plots tends to be 
compensator 5 \ 

3. Ocular Estimate by Airerage of Plants. Pechanec and Pickford 
(49), desiring to refine observations of the ocolar*estimate-by-plot 
method, critically studied the utilization of individual grass species. 
The percentage of herbage removal by height is noted for each impor- 
tant forage plant on the plot, and the average of these estimates is 
taken as the percentage utilization for the plot. These authors favor 
this method, because it is relatively free from personal error and sho\s^ 
a high correlation with the volume of forage removed. Numerous 
replications can be made without excessive cost. It is designed for use 
on bunchgrass range. A similar technique was proposed by Canfield 
(5) for southwestern ranges. 

4. Photographic Method. Hormay and Fausett (5/) determined 
utilization on California annual ranges with photographs and range 
descriptions. The grazed appearance of the range is matched against 
a series of photographs showing different degrees of use, described 
as light, moderate, or heaiy. On a numbered scale moderate or proper 
use is designated as 60. Higher rating indicates too close, lower rating 
too light use. 

5. Primary Forage Plant. This method, described by Deming (24), 
employs a visual-use standard. Designed primarily for range admin- 
istrators, a unified outline is followed in re-examining an adequate 
number of permanently established, randomized plots, preferably at 
the close of each grazing season. The obsen^ations are centered on 
the plants that bear the major grazing load. The information gathered 
includes description of the plots, soil condition, topography, degree 
of grazing; and abundance, mortality, or reproduction of the primaO' 
forage species. The summarized data are used to designate for each 
plot one of nine degrees of relative grazing use: unused, slight, light, 
moderate, proper, close, severe, extreme, or destructive. Proper use 
implies leaving one-third of the current shrubby grm\-ih and at least 
one-fifth of the current leafage of grasses and forbs. Extrane use 
depicts a cleanly swept or stripped appearance of the vegetation, accom- 
panied by conspicuous trampling. The method is simple and applicable 
to range lands generally. 



386 


range otilization 


It entails the use of man\ plots selected at random and small enough 
so their entire area can be seen from one point. \ isual estimates of 
degree of cropping are made in percentages of the total eight of 
each species removed from the plots Accuracy of the estimates 
can be checked statistical!) b\ clipping and weighing the forage on 
the plots This method is free from detail and relameU rapid and 
inexpensne, and personal error m judging individual plots tends to be 
compensatory 

3 Ocular Estimate by Average of Plants Pechanec and Pickford 
(4P), desiring to refine observations of the ocular estimate bv plot 
method critically studied the utilization of individual grass species 
The percentage of herbage removal bv height is noted for each impor 
tant forage plant on the plot, and the average of these estimates is 
taken as the percentage utilization for the plot These authors favor 
this method, because it is relativeU free from personal error and shows 
a high correlation with the volume of forage removed Numerous 
replications can be made u ichouc excessii e cost It is designed for use 
on bunchgrass range A similar technique w as proposed b> Canfield 
(tf) for southwestern ranges 

A Photographic Method Hormav and Fauseit (SI) determined 
utilization on California annual ranges with photographs and range 
descriptions The grazed appearance of the range is matched against 
a senes of photographs showing different degrees of use, desenbed 
as huhe, moderate, or hcaw On a numbered scale moderate or proper 
use IS designated as 60 Higher rating indicates too close, lower rating 
too light use 

5 Primary Forage Plant This method desenbed bv Deming 
emplojs a visual use standard Designed pnmanlv for range admin 
istrators a unified outline is followed m re examining an adequate 
number of permanentlv established randomized plots, preferably at 
the close of each grazing season The obscrv ations are centered on 
the plants that bear the major grazing load. The information gathered 
includes description of the plots soil condition, topography, deerree 
of grazing, and abundance, mortality, or reproduction of the pnman 
forage species The summanzed data are used to designate for each 
plot one of mne degrees of relative grazing use unused slight, bght, 
moderate proper, close severe extreme or destructive Proper use 
unpbes leaving one third of the current shrubby growth and at least 
one fifth of the current leafage of grasses and forbs Extreme use 
depicts a cleanly sw ept or stripped appearance of the v egetation accom 
pamed bv conspicuous trampling The method is simple and applicable 
to range lands generallv 
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Measurement or QuANnTAxn’E Approach 
Three methods hnve been used in this approach: weight measure- 
ment, height measurement, and stem-count measurement. 

1. Weight Measurements. Beruldsen and Morgan (i) of Australia 
were among the first to determine range use by weight, when they 
compared the amount of forage cropped by sheep with that produced 
under wire cages or in exclosures. The difference in dry weight 
between the two sets of clippings was the percentage utilized. Al- 
though this method is reasonably accurate and suitable for small experi- 
mental units, it is not applicable to large range areas, because it requires 
a fenced or a mature vegetation as a check. 

Several cage- or enclosure-Aveigbt methods by clipping have been 
reported. A joint committee of agronomy, dairy, and animal produc- 
tion associations {33) proposed a technique for use during the growing 
season, which took into account the aftermath. The method employe 
a senes of two plots, each I meter square, placed at random and pro- 
tected from grazing by wire cages. A third plot, 1 merer square and 
tinprotected, is located within 10 feet of the protected ones, where the 
vegetation is similar. The plots are clipped at 2-week intervals during 
the growing season, after which new locations are established. The 
Volume of forage grazed is determined after each clipping by subtract- 
the yield of the unprotected plot from that of the caged plots. 
The total of these calculated weights should closely approximate that 
of che^ forage grazed. This method, similar to a technique proposed 
y Klingman and associates (3J)y is chiedy suitable for use on small 
pastures. 


Cassady (i*) proposed a utilization method on sheep range by col- 
ecting and Weighing fresh samples on a predetermined number of 
P pts immediately before and after grazing. Utilization was deter- 
nimed by comparing the difference in weights of the forage on the 
sets of plots. 

2. Height Measurements. Stockmen and pioneer forest rangers 
first to express utilization in terms of the height growth that 
^ ^’uld be left. Although they proposed leaving 1 5 to 20 percent of the 
current growth as protection against overuse, they had no yardstick 
utilization. 

cchanec and Pickford {48y 49) have demonstrated that the per- 
W ^“bzation of grasses is equal to the reduction in their average 
the (height) as a result of grazing. Enclosures are employed if 

the grazed during the period of rapid growth. At the end of 

S^azing season percentage utilization is calculated from the differ- 
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cnce m a\cragc leaf height of the pnnnrv species on the grazed and 
the ungrazed areas Uhcrc httlc growth takes place after measure- 
ments, as on areas of mature forage, the use data seem to hold up "el! 
Preference and abundance m the stand of forage species arc gi'cn con- 
sideration Plots of sanous shape as well as transects ma\ be used in 
secunng the data {II, 14, SI) 

In the Southwest, Canfield (6) proposed a method that is based on 
the idea that the percentage of a grass cover cropped closer than a 
2 inch stubble height as proportional to the percentage grazed to a 
height greater than 2 inches and to the ungrazed forage (S) When 
the percentage of 2 inch grazing is known, the associated percentage 
of part!> grazed and the percentage of ungrazed forage mas be read 
dircctls from stubble height distnbution curses A chan or graph 
must be made for each new grass cover The method is rapid and 
accurate to withm 10 percent 

I ommasson and Jensen (37, 38) were the first to show differences 

in the fonn (actor (shape) of grasses In correlating heichc removed 

with weight removed Grass samples were collected at random. 
W^en m flower or seed, leaves and culms of each specimen were held 
m place b\ wrapping them spiralis with a string before the pbnts 
were clipped near the ground line Average imtmiom height of each 
sample w as obtained b\ recording the tallest flow er stalk and the longest 
leaf of plants without flower stalks Each plant was cut into 1 m^h 
(m some msunces 2 inch) segments and weighed air drN The data 
were recorded in a summarized table from which form factor curves 
were constructed showing percentage data of height and weicht per 
segment in relation to the plant as a whole Deuils of procedure are 
described b\ Lommasson and Jensen (57, 38) and others (5, J2, (6, /") 
The height weight (form factor) pnnciple appears sound and giv» 
more uniform results than the ocular method (5^), but it is more 
tedious However, Oark (/O), working on mountain range in Utah, 
found that composite samples for 4 \ears from different zones showed 
considerable error when average height weight tables were used 
Greatest vanabihtv m height occurred m good growth \ears 

Special impetus was given to the form factor idea (Figs 82 and SJ) 
b\ Crafts (17) and his associates (16, 18 19, 20, 21) m the Southwest. 
Campbell and Crafts (4), for example, found that the height weiffht 
chare affords a simple field utilization measurement of range grasses. 
The\ V enfied the fact that the nia|or part of the leafage (bv w eight 
or volume) is m the lower 2 or 3 inches of the plants studied 

CZampbcU (5) reported three rather distinct forms of height volume 
relations among grasses (Fig 84) Bottlebrush squirreltail w as found 
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to have a nearly straight line height-weight relationship, the weight 
being distributed nearly uniformly throughout tlie length of the plant 
Blue grama forms a rather steep height-weight curve for the upper 
half of the plant, which becomes much less precipitous as the tolumc 
of forage increases m the lower half Sandberg bluegrass has an “S” 
curve, because of abundant basal leafage and heavy seed heads to add 


Blue grama Black grama Arizona fescue Curly mesquitc 

Boutdoua gractlis Boutelaua enopoda Fcsluca amomca Hilana belanscrt 
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Fic. 83 lUamaaon of proper «c of Mae prama (Bourrfoua graetitt) '^boot 
’5 percent of the nomber of culms and nearJj half of the forage tolume should 
be left. An average nubble heighi of ’ inches, or J2 percenr of the total beieht. 
uould Jeate about 45 percent of the forage toJume \After Craftr anJ 
mg ao> ] 



Ujr(zaj~n(p»aert ws gH 


I ic. 84 Height weight carres (form factors) of ranee grasses with seed stalls 
boedebrush squirreltail iSnsmon bytmxi blue grama (Boutetoua zractlts} 
Sandberg bluegrass {Poa secunjai lAfter Cmtpbtlt (i) 1 
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weight to tlie uppermost portion. Plants without seed heads make a 
somewhat different form-factor cur\x than the species illustrated here. 

The author, working with height-weight relations of wild oat {Avena 
fatua)^ an annual, and needlegniss {Stipa piilchra), a perennial, also 
found appreciable differences in the form factors of these plants 
(Fig. 85). 



Fic. 85. Forms of height-weight curves of wild oat {Avena fatua), an annual 
Brass, and purple necdlegrass {Stipa piiJcbra)^ a perennial bunchgrass. Tlie 
significantly greater volume of herbage in the lower half of the necdlegrass is 
due to its abundant basal leafage. 

Height-weight charts or “slide rules” prepared for field measurement 
of utilization have proved helpful, Valentine (64) marked off a card 
full scale (1 inch *= 1 inch), then placed it along plants to measure 
stubble-height in percentage weight removed. The data could be 
recorded at a relatively rapid rate. 

Parker and Glcndening (4S)r worldng in the Southwest, took into 
^ount all the important forage species rather than a selected few. 

ney recorded percentage composition and calculated the percentage 
® proper use and the proper-use factor for the area concerned. The 
ucre supported bj" such factors as erosion, livestock management, 
and forage production. 
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The height-measurement method has clarified \ anous important uoh- 
zation questions, most significantK perhaps the recognition of the form 
factor Since this method has c\ohed through expenmental proce- 
dure It IS sound and should prose more useful nith further srudv 
3 Stem Count Stoddart (tfi) proposed this method after conclud- 
ing that percentage utilization was correlated with the total grazed 
number of stems of western wheatg js (Agropyrori simthti) The 
number of grazed stems on randomized plots w ere recorded at 2-w eek 
intervals and continued until the range was fulls utilized, though the 
record taking could be delavetl until the end of the season The per- 
centage utilization w as computed b\ companng the data from the check 
(ungrazed) area with unhzation of comparable grazed unit 
Although the method is rapid and simple, it has an inherent weak- 
ness, because the percentage of stalks grazed is not alwavs correlated 
with the percentage \ olume of herbage taken {41) Therefore, a con 
version factor of stalks grazed to volume utilized at different intensities 
must be determined for each species measured 

Key Areas and Key Species 
Kev Arc.^ 

The kev-area concept for checking utihzanon is based on the fact 
that It IS esscntiallv impossible to achiev c uniform grazing ov er a dn cf" 
sificd range unit, also, that it is not financialh feasible to examine an 
entire range area Excessive use around watering places, salt grounds 
stock dnvewavs, and accessible meadows is unavoidable, pamcularl' 
on cattle range Underuse or nonuse is common on steep hillsides and 
areas remote from water Full but alloviable use of the inaccessible 
areas would result in extreme abuse of the better units For these 
reasons the iniemiedtatc areas— those not ovcrlv steep or remote from 
water, which furnish most of the feed-should constitute the ley or 
r^rcsentativ c areas upon vvhich to gauge proper use of rbe range 
a whole A good kev area should be moderaielv casv rather than too 
easv for the stock to reach, and soil and vegetation should be as repre- 
sentatu c as possible of the umt gcncralK But concerted effort should 
l>c made to reduce the size of the so-called sacrifice areas-tho^ nor- 
mallv overgrazed or undergrazed— as far as possible 

Kev Spfxxes 

Because of the mans pbnt species present on most ranges, each of 
which mav be utilized according to ns availabilirv and preference, it 
IS ncccssarv to l»asc utilization calculations on a few important plants 
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Key species should prcfenbly be those that endure moderately close 
grazing, and they should be fairly or potential!) abundant {9, 21, 62) 
Just as tliere are certain sacrifice areas there are also some sacrifice 
plants— species with high animal preference but never abundant m the 
stand These “dessert” or ‘ice cream’ plants are usiialh hilled out 
when the hardier, naore abundant, and somewhat less highly preferred 
key species are properlv utilized, a fact that entails little economic loss 
Usually no more than tw o to four Ley species are selected for obser- 
vation or measurement of utilization on a Le) unit Occasionally, 
proper use ma> be judged bv the degree of cropping of a dominant, 
single, first-class species In the Southwest, blue gmma may be a key 
plant on units where it is actually or potentially dominant When 
this species is properlv utilized the range as a whole is properl) grazed 
But where blue grama occurs m association w ith other equal!) abundant 
and preferred grasses the range is considered suitably cropped when 
all the lve\ species are proper!) utilized {^4) 

Choice of Utilization Method 

Each of the utilization methods described has some merit The tech 
nique to be selected will depend largely on the accuracy of the use 
records required 

In range research, wiiere a high degree of accuracy js essential, one 
9f the measurement methods is desirable Tor this purpose one of 
the height-weight procedures should ser\e best (4, 20, 3S) On small, 
intensivel) grazed farm pastures one of the cage or enclosure methods 
should gn e good results (i, 3S} 

On large, commercial grazing grounds the ocular estimate by 
average of-plant method— an adaptation of the reconnaissance proce- 
dure— was recommended bv Pechanec and Pickford {49) after critical 
study of methodology This method is rapid and adaptable to a wide 
'ariet\ of conditions is sensitive to irregularities m utilization, and 
IS relativel) free from personal error The authors did not advocate 
wse of any of the more refined measurement methods on large range 
areis 

Not to be overlooked on an) range is the range condition survev 
^oecdure Tlie c\pensc of prepanng a map upon which to delimit 
me condition classes and of proposing adjustments in utilization is 
neither excessive nor oxcrix technical 

Problems of Seasonal Utilization Adjustments 

B\ Using the factors of time, animal numbers, and forage consumed, 

IS possible to foresee anv ncccssarv adjustments in animal numbers 



394 


RANGE UTILIZATION 


in the interest of proper use and meat production The relation of 
these variables mav be expressed mathematically as follows 

Torape remaining _ Animal time units remaining 
horage ut)li2ed ~ Animal time units used 

The amount of forage utilized may be judged by estimating or 
measuring the degree of grazing of one or more key species The 
forage remaining is ascertained b\ noting the difference between the 
total forage produced and the forage utilized The solution of certain 
unknown factors maj be illustrated by two examples. 

One Key Species Example 

Bluebunch wheatgrass is the ke\ species on a range grazed by 1500 
cattle The grazing season extends from June 1 to November 1 A 
utilization survey on September 1 shows that the average height of 
bluebunch wheatgrass is 5 inches on grazed plots and 23 inches on 
ungrazed plots Proper use for this grass is SO percent of its currenr 
growth What adjustments are necessary in Jnestock numbers or 
length of the grazing season for proper utilization* The height w eight 
relations of bluebunch wheatgrass are shown m Table 22 


TABLE 22 


Height Weight Relations or Bluebusch Wheatgulss 


StuhhU Httihi 


Stubhie Hetghl 

fFeight 

o/ Forate 

Utlvuon 

o] Forage 

Vtihzat on 

(Inches) 

(Percent) 

(Inches) 

(Percent) 

23 

0 

10 

14 

20 

1 

8 

22 

18 

3 

S 

45 

IS 

6 

3 

67 

13 

8 

0 

100 


Solution With a stubble height of 5 inches 45 percent of the 
forage has been used, and with 50 percent use being proper, only 5 
percent remains to be used From June 1 to September 1 1500 cattle 
have grazed the area, which amounts to 4500 cow months of use 
Substituting these values m the equation previously stated, cow months 
remaining mav be solved as follows 


Cow months 


(495V = 5*^ (forage un t> rema n ng) 
*•5% (forage onus used) 


X 4500 (cow 


months used) 


The adjustment necessan would be to shonen the grazing season to 
33 month (493 cow months/1500 cows) or reduce the number of 



LITLRATURL CITCD 


395 


cattle to be grazed from September I to No\ ember 1 to 248 cows 
(495 cow “months/2 months) 

Sn\FRAL Kc^ -S pecies Example 

When more than one ke}' species is used, each species must be 
weighted according to abundance in the forage composition Suppose 
chat two key species are employed and that a utiiizacion check gives 
the results shown in Table 23. 

TABLE 23 

VnuzATtON Chfck., Two Species 
Compojt 

lion Utilization 

Spfciet (Percent) (Percent) 

Slender wheatgrass 40 50 

Sandberg blnegriss 30 60 

The proper-use factor for slender wheatgrass is 80 percent and for 
Sandberg bluegrass dO percent Forage used and total forage a\ailable 
are shown m Table 24 


TABLE 24 


Forage Used and Available, Two Species 


Species 

Slender wheatgrass 
Sandberg bluegrass 
Weighted totals 


Forage Used 
40 X 50 » 20 

30 X 60 == 

38 


Fora^r Available 
40 X 80 « 32 
30 X 60 = ^8 
50 


Once these weighted values are obtained the computation of animal- 
time units remaining is identical with that of the problem involving one 
key species 
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Chapter 18 


RANGE INVENTORIES AND 

management planning 


The primary objective of a range inventory, or survev , 
all important facts needed for perfecting a 

A range survey deals with the broader aspects of the handling of a 
range !rea. hence it takes into account the physical and '^tal cond - 
tions as well as the proper balance between grazing and 
of the land {IS) Until recent years, range survey s have mostly been 

concerned nith large areas c nf 

Much of the data from a survey is recorded on maps or 
suitable size for subsequent field use Consideratmns no cd or 
each range unit, such as the number of animals grazed, 
period of grazing, a salt plan, needed avater deselopment areas m ne d 
of reiegetation, better InestocK distribution, and the 
problem areas Assembled in tabular or other com enient form the 
basic data are used for the formulation of a suitable action W 

By 1950 slightly more than one third of the uestem range mg on 
had been survey ed and management plans put mto operation pnmariK 
through Federal agencies In the past, most range sur\c>s \\crc 
ducted on public range, but now Federal and state agencies also survev 

RangeTur" V procedure has been more or less standardized in recem 
sears but rigid management planning applicable to diverse climatic 
and forage regions has pro\cd impracticable 

Range sun css also have the additional value of providing evcellent 
training for \oung men a\ho make up the s«r\c> parties 
Classification of Forage Types 

Ranec-sunev maps sbmild give complete and accurate ‘‘j’” 

and management information show ing all forage tv pcs an su v p 
m.e following eighteen tapes (with rbeir standard map colors desig- 
nated bv cravon numbers) hive been adopted In the Intcr-Agciic 
Range Sunev Committee (-f) for mapping the western range region 
Oahlc 25) 
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TABLE 2S iponttnutd) 


Typt Number 

Type CkaracterisUcs 

Type Color* 

Remarks 

10 Broid-lcaf, decidu- 
ous trees (Fig. 87) 

Cottonwood, aspen, 
oak, birch, alder, ash, 
elm 

Pmk 

Mongol-846 


II Creosote bush 

Creosote bush dominant 

Bottle green 
Mongol.S55 


12 Mesquite 

Mesquite dominant 

'Yellow earth 

1 Mongol-853 


13 Saltbush {Atrtpkx) 

Saltbush dominant; 
separate from desert- 
shrub type 

Slate 

Mongol.819 

Atnplex is sufficiently 
dominant to show 
type 

14 Greasewood 
{Sarenhatus) 

iWhere greasewood is 
dominant, valley 
floors 

Royal purple 
Mongol-864 

Overflow areas, with 
saline soils 

15 Winterfat {EurQiia)^ 

Where winterfat gives 
chnractenstic aspect 

Light tan 
Mongol.813 ^ 

Becomes a ty pe m Utah 
and Nevada 

16 Desert shrub, gen.' 
eral type 

Blackbush, goatnut, 
cat's claw, hop sage 

Dark tan 
Mongol.863 

iHop sage, horsebriish, 
rabbitbrush, etc. 

n Halfshnib 

Snakeweed, burroweed, 
buckwheat, fringed 
sagebrush 

Wisteria 

Mongol-844 

Seldom ofsufficientsize 
to type 

18 Annual weeds 

Annual weeds, downy 
chessjsix-weeks fescue 

Red terra cotta 
Mongol-876 



Land formerly cultivated but now abandoned should be classified 
according to the surrounding areas, preferably with their boundaries 
hatched in mapping. 


Techniques of Vegetation Analysis^ 

Three different procedures have been developed for conducting range 
sur\'eys* (1) the reconnaissance survey method, (2) the square foot 
density sunxy method, and (3) the range condition method. 

Rcco.vn'aissance SuRiEY AIfthod 

In 1910, Jardine and Anderson (J) proposed a technique of ocularly 
estimating the percentage density of die ground cover of vegetal “types” 
To clarify this discussion, terms commonly used in range surtejs and grazing 
P ans arc summarized at the end of this chapter. 
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Fro 86 Meadow tjpe (Tjpe 2) m forefffound with w^ste range of dense 
tmber (T>pe 7) m background tFrorH Range and Pasture Management, l>y 
the author {JO) ) 



Fic 87 Sagebrush t>pc <T>pc 4) m foreground and aspen subtj-pe CT>pe 
broadJeaf trees) in background Aspen is a valuable cover because of the lutu 
nant understor> of palatable on that it charactensncall} supports [Front 

Range and Pasture Afanagement, by the author {10} I 
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M 

rosered uirh \egetation (10/10 density), as observed from directly 
ibove, an oblique view mav bring about distortion (Fig 88) In esti- 
mating densit) of shrubs, onU current twig growth within reach of 
the stock IS considered not higher than 30 inches from the ground 
for sheep or 60 inches for cattle Dcnsit> estimates are checked once 
or twice dail>, as the mapping proceeds The incxpcncnced worker 



Fic 88 Projmjonal illustration of dcnsjijcs o/ browse, forbs and grasses 

can do this bj digging up the herbaceous plants in random plots and 
placing them together m a square-foot area \\ ithout excessive compac- 
tion, to form a 100 percent density Since the plot area is 100 square 
feet, I square foot of area occupied b> a species represents I percent 
cover The densitv of the tjpe or subtvpe is regarded as equivalent 
to the average number of square feet of each species per 100-foot plot 
The forage acre factor of each tvpe is obtained bv multipljing the 
av erage densitv of each species by its proper use factor (PUT) aod 
then summarizing these v alues for the entire composition TTie method 
IS illustrated m Table 26 

The best season for estimating densitv is when the important forage 
Species are at or near maximum development (6) Fenced enclosures 
are helpful m judging pre- or post-season densit> and composition 
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SciUARE Foot Densitv So!i\e\ Method 


Speciti 


Plots 

(squire feet) 


Average 

Density 

PVF 

for 

Density 

X 


I 

n 

in 

IV 

V 

(percent) 

Cattle 

PUF 

Poa 

3 

4 

5 

3 

5 

4 

70 

028 

hilhyru: 

6 

6 

5 

4 

4 

5 

70 

035 

^goseris 

4 

5 

3 

5 

3 

4 

50 

020 

Ccrcocarpui 

7 

8 

7 

9 

9 

8 

80 

064 

Qttcrcus 

10 

5 

3 

7 

S 

7 20 

Foraw Acre Fictor 

014 

= 161 


In 1937 the sqinrc foot densitv method wis adopted bv Fedenl ngen 
ties Ts a standard range m\ cntor\ procedure (4) Hou e\ er, both the 
squire foot dcnsit\ method ind the reconnaissance sune> procedure 
reK on the densitv factor is the onU measure of the \olumc of \ege 
tation, a measure tint has not shown espctialK close corrchtion with 
actual weight studies (13^ 15) Dasminn (7) concludes 

One was to eliniimte the troublesome dcnsjcv element from forage 
imcntoncs would be to substitute actual weight of forage on randomised 
plots as dcfcr/ntncd h} chppmg and weighing The j/eld could then he 
etpressed in pounds of forage per acre 


Rsncf Condition Surms Mfthod 


This technique appraises the reaction of the range to the grazing 
practice m operation The appraisal is cssentialK based on plant suc- 
ccssional trends the stahihtN of the soil and the potential capacitN of 
the site (Chapter 16) 

Tile condition sun c\ method has been cniplo\ cd In the Soil Con 
scnation Sen ice since 1942 (3, 9, 22) Among the facts noted m the 
field arc plant composition Mgorofkcv forage species, forage dcnsits , 
'nhmic of growth In clipping of plots degree of erosion amount of 
mulch present, and condition classification of each range unit (16) 
Once ilic standards of proper utilization for each condition cKss Jiavc 
heen determined for an area thca can be adapted ro other range units 
of the same general region 

Hie Condition siirxcN niciiiod is gamine m populants pirtl\ because 


*t IS simpler than the reconnaissance and square foot densits methods 
and also bcc'ausc tlicsc sur\c\ mciluKls do not pnnulc specific^alK for 
clacsification of ‘ condition of the range 
lor the condition sunci mcihr>d the ranee area must be classified 
b' nu;or ecological Tssocufimi< and n«ppc<l acconlmg to sites (3) 
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and not mere t)p „,mlv of cheat gra« 

,n the Pacfic "S aa 

'X Seh™is°mXe che^ the pX™ tegetanon 

This places the emphasis where ® f f„age on the area 

This I , »Vi#s iiUiniatc production oi & comp^t 

:Si5‘5— =E=lSis 

7“";^ 
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wmm 

forage ptodtietion (Chapter 17) ^n aerial 

Ivaifabletothefieldmanshowingboundaneso „,,ded Gm 

units and condition class guides of these units P 
eralli, onh the mam forage species need to condin"" 

Figure 89 illustrates a range area mapped ac co 

„eZd A proposed change m managemen^ based 
^j„on classes is shonn b> relocation of the ienc , 
of \\ater and placing of a windmill 

Field Mapping and Hote-Taking 
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tr^fnxt beginning field work the survev 

^ded and important administratn e inform 
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Since not sll areas ha\e identical producme possibilities those differ 
mg perceptibh m potential capacity are separareU mapped and 
described ^‘\ ithin a ma)or site each range segment is rated as to us 
condition class excellent, good fair poor or ten poor In field 
mapping the examiner must first recognize true ecological associations 
and not mere r\pes or subupes Humphrej (i) points out 

In the Pacific Northwest npes consisting mamij of cheat grass 
brome sagebrush or perennial weeds are denoted as condition classes 
w ithin bunchgrass or some other climax t\ pc not as C\ pes per se 
This places the emphasis w here it belongs — on the present % egetation 
considered m terms of the ultimate production of forage on the area 
In this new method the condition of a site is determined not b\ compar 
mg Its productnm wnih that of some other more or possibK less pro- 
ductise site hut b\ companson with sites basing similar productisw 
potenmk The classificanon IS therefore one of producovitj of site 

Field appheanon of the range condition method of sunc\ is simple 
and direct First the technician prepares brief descriptne guides for 
the area regardless of its condition Second each of the range condi 
non classifications— excellent good fair pooror\er> poor— is desenbed 
on a special field sheet for each major ecological txpe and max be 
illustrated b\ photographs also noted are the management features 
recommended to maintain or improxe the condition of the range The 
condition class descnption tabes mto account such features as forage 
densitx forage x igor indicator plants, litter and erosion Under the 
heading of management are noted the present plan of grazing season 
of use number of stock grazed allowable grazing use and potential 
forage production (Chapter 17) An aenal photograph or map is 
available to the field man showingboundanes of the different ecological 
units and condition-class guides of these units are provided Gen 
eralJi onh the wain Soraec species need to be recorded 
Figure 89 illustrates a range area mapped according to the condition 
method A proposed change in management, based on the range con 
dmon classes; is shown b\ relocation of the fence and development 
of water and placing of a windmill 

Field Mapping and Note Taking 
PrFUMIXARX CONSIDER-XTIOXS 

Before beginning field work the sunev pam leader assembles all 
needed equipment and important administrativ e mformation Included 
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well defined, this system may be combined with the gridiron tech- 
nique (18). 

Plane Table System. This method is useful in rugged, unsurveyed 
or partly surveyed country where several high, bare peaks and treeless 
ridges are intervisible. The mapping of type and cultural features is 
accurately done by point intersecnon, the forage being estimated 
by passing through typical porrions of each type while traveling 
between vantage points or control stations. Only men with experi- 
ence in surveying and plane table work can successfully employ this 
system. 

Aerial Base Map System. An aerial photographic base-type map 
must be available (,21). In preparation for mapping, type boundaries 
and prominent cultural features may be shown on the map. Less dis- 
cernible subtype and cultural features are sketched in as the field work 
progresses while the examiner also corrects the type boundaries where 
necessary. Control for additional mapping is obtained from G.L.O. 
comers, triangulation stations, prominent points, and by other survey 
techniques. Each examiner plans his route for most effective study 
of his portion of the area. 

Direct Field Typing System on Aerial Photographs. A set of 
topographic and culniral tracings, showing township assemblages, arc 
needed to supplement the aerial photographs. Sketching of types and 
subtypes, or associations, is done directly on the photographs. After 
deciding on the drainage that he will work, the examiner selects and 
studies the appropriate photographs to get a good idea of the types, 
water, culture, and other features; he then selects a route that will 
take him through all of the types or associations. Mapping is usually 
done across drainages, so tiic examiner can sample differences in eleva- 
tion and collect forage data on one side of tlic drainage while sketching 
in the types on the opposite side. Any important features not visible 
on the photographs arc located by traversing and arc then plotted on 
the tracing or on the reproduction of the tracing. The use of section 
t-'orners, bench marks, triangulatioiis, and other available points is ncccs- 
'^t\' to locate type boundaries xshcrc topography docs not delimit the 
plant cover (IS). Once the features have been delineated on the 
pnotograplis they can he transferred to a base map by simple photo- 
Snuumctric features. 

CoMPARATivK 0>STS OF Rangf SuRvr\ .Ml Hions 
Held and Pickford (^) conducted studies on tlie costs and rclbhiliry 
nf the rcconnaiNsancc and of the wjware font demky sun’cy wctiiods. 
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In these studies the grid and the photographic procedure of mapping 
control \\ ere used 

The aerial reconnaissance method gave the most dependable results 
and was the cheapest if free negatives of aerial photographs were avail 
able ^^'hen the cost of acnal photographv and subsequent construe 
non of base maps had to be paid for from range-sun cv funds, the 
grid reconnaissance method, conducted at an mtcnsitv of two strips 
per section was recommended for ranges of gentle topographv This 
method was almost as dependable as tlie acnal reconnaissance method 
for such conditions If adequate base maps are not av ailablc, or w here 
the topographv is rough, the added cost of acnal photographv and the 
institution of the aerial reconnaissance method appears justified 
Oimparatne tests on the same range area (S) show that the rccon 
natssance method is less expensive than the square foot dcnsitv method 
Prewar survejs using the reconnaissance method cost 900 mills 
(9/10 cent) per acre w hen mapping was done dircctlv on acnal photo- 
graphs and 909 mills per acre when mapping was done with the grid 
procedure Comparable work with the square foot dcnsitv method 
cost 11 55 mills per acre when mapping on aerial photographs and 
9 88 mills per acre when mapping with the grid procedure When ae 
rial photograph) and subsequent base maps had to be provided there 
w as an additional cost of 7 98 mills per acre 
Little IS known of the per acre cost of the mngc condition sunev 
method, since feu such sunevs have been conducted over large range 
units, such as a naaanal forest involving thousands of acres Since 
both the field mapping and the office compilations are less detailed 
and more du-ect than those of the other two methods discussed the 
cost of the completed condition survev should presumabb be less 

Mappcvc or Speovi. Fe.xtlres 

Regardless of the mapping s>stcm used, these special features should 
be entered on all field maps or photographs character of stock water 
facilities such as streams, springs, seeps and reserv oirs, salt grounds— 
their condition and the suitabilitv of their location, barriers to stock 
dnft, such as chfTs, ridges, and fences, overgrazed areas, with a cnncal 
examination of their needs, poison plant areas, localjtiw infested with 
rodenB, areas inaccessible to stock, and poorlv located or excessneJv 
used sheep bedgrounds 

A feature that has more rcccntlv icceiv cd detailed attention is that 
of soils their depth, texture, structure, senes and the degree and kinds 
of erosion S> mbols hav e been established for conv enience m record 
ing such soil data on field maps 
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Computation of Inventory Data® 


In using either the reconnaissance or the square foot density survey 
method, the only computations made in the field are those determining 
the forage-acre factors. All other computations are made in the office, 
usually after the field season. 

In the office the survey map is prepared, the grazing capacity com- 
puted, and various range-management features are recorded. The 
types sketched in the field and the symbols of the forage species are 
placed on the base map. Type (or association) boundaries are then 
planimetered to determine acreages. A typical summation sheet is 
showTi in Fig. 90, which is the base map of a township. In this instance 
the field sheets would show that type 1 (T), tall grass, is principally 
composed of Vestuca tdciboatsis^ Agropyron spicattmi, and Poa seciinda^ 
denoted on the map as Fid, Asp, Pse. The planimetered area of the 
type is 6985 acres. 

After the type acreages are determined by sections they are sum- 
marized on work sheets and later on a compilation sheet for the town- 
ship. Designated headings on the compilation sheet are S.A. (surface 
acres) and F.A. (forage acres). The acreages of the types are as- 
sembled within sections, the section being the basic unit rather than 
the township. The forage-acre factor for each type is obtained from 
the field sheets. If more than one write-up has been made for a type, 
Its foragc-acre factor will be the weighted average of the individual 
wrjcc-ups. The forage acres (surface acres X forage-acrc factor) arc 
then obtained for tvpcs within sections; by a summation of these fig- 
ures, by types, the total of forage acres within a township is obtained. 
Fig. 90, for example, shows that type Z-D comprises a total area of 
580 acres. Since, in this instance, the F.A.F. for this type, recorded 
on the field form, is .240, then 580 X .240 139 F.A. The process 

mdicated is followed for all types, or by pastures or other managcntcnt 
units. 


To obtain grazing capacity, the forage acres of a type arc divided 
the foragc-acrc requirement. Adopting 0.6 F.A. per cow per 
uionth as the foragc-acrc requirement, the grazing capacit}- for this 
*ype is; 139/.6 — 232 cow-months (Fig. 90). Tlic data for this type 
®rc then entered on the map, along with the surfacc-acrc figure, in the 
following form: 


Surface acres 5S() 

Ctr.i7ing cap.icity m animal-months i32 

Sec Vimplc survey problems anil caJcuUtions prrvcntcd liter in thh chapter. 



Borbed wire 
fence 


Rood-privo!e 




SUeoms 

permonent — 
inlerm^ltent — •- 
Trolls 


f , mao of a township showing recorded t>Tes 

„bt>T'‘>fT)pe4 
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To apply a management plan, various alignments of compilation 
figures must sometimes be made Where, for example, the range is 
to be divided into fenced units or allotments, tlic grazing capacity of 
these units must be obtained Compilation sheets are made for the 
pastures or allotments in a manner similar to those for townships 
Much of the previously determined data can be used, but some areas 
must be replammctcrcd. Tig. 90 shows that a fence separates the two 
largest types into tw'o pastures and that there is a small overlap of 
each tv pe into the pasture dominated by the other type. The over- 
lapping areas are plammetcred and the acreage and grazing capacity in 
each instance are subtracted from the t>pe and added to the pasture 
into which the overlap occurs The type figures are then realigned 
by pastures, and the summaaon acreage and grazing capacity figures 
are recorded on the map 


The Grazing or Range-Management Plan 
The range ow ner or administrator, like a construction company, must 
have a detailed plan if, in the long run, management eiforrs are to 
be revv'arded to the fullest capabilities of the land A reference record 
of past treatment and of grazing capacity is also desirable 
A grazing plan is organized into three sections tlie written report, 
the graphic section, and the field-applicacion section (2S, 20) 

Written Report 

This part of the plan covers the following points 
Season of tisCy present and reconimended seasons 

Class of stocky present and recommended, with reasons for proposed changes 
2^wnber of stock, present stocking and estimated grazing capacit>, stated in 
animal months If present stocking exceeds the range imentory estimates, specific 
reducuons arc recommended 
Cowdinon of range, each ma;or unit bncfl> desenbed 

System of use, recommendations, considering number of head and season of use 
or all units of the range As applied to sheep range, the current system of use js 
compared w ith others 

Riding, pamcularl> more effective riding on cattle and horse ranges during part 
or all of the seison 

Herdmg, current methods compared with others on sheep and goic ranges 
plum, current plan and possible modificanons to obtain better livestock 
ismbution, chiefij on catdc and horse ranges 

pectal nianagetnent prabletns, such as deficicncj of water suppl>, rodent 
o^ge, poisonous plane areas, and erosion An action program is recommended 
tuizauon of key areas, bj key species and uriiization standards for each key 
Pccics selected for each range tj pc 

ofage-acre requtrerneut, the I .A R figures used in computing tfic range capacicj 
rc assembled If further stud> IS needed, areas and mediods are recommended 
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Con ersion factor, the ratio of co't months to sheep months « stated where 
dunge in class of stod^ is recommended 

Gr\i me RrisiTiT 

This section contains the composite maps and oscrlass for each 
major unit, sxhich depict topograph), locations of water, and cultural 
and other features Ir also conutns the mcrlass for the base map 
showing gra7ing capacities and range improscmcnt proposals The 
tabular summarixations of the resource and management data arc also 
included 


riru>-ApM ictTios SrrrroN 

Tins highh practical sctiion is prepared for each allotment in a 
ranger district, as on national forests, and for each pntatc owner of a 
sur\ c\ cd range The section is dn ided into ts\ o parts ( 1 ) rjn^er 
field plan, which consists of a map of indnidua! allotments, sviih a 
transparent o\crla\ that seizes as an inspection report form (a new 
oterlas being used annuallv) and an allotment inspection sheet show 
ing current plan of use together with a record of actual use data as 
thes arc collected, and (2) the tanelcjt or penmnee's plan, which 
comprises a map showing the ranch or allotment, with indications of 
how the different units arc to be used Tlic field applications section 
contains all written and taiiulatcd management proposals m the use of 
the range 


Applic-stion of MASACrMFST Pi AS 
The succcM of a management plan will hinge largch on three con 
ditions the accuracs of the range sur\e\ upon which it is based 
willingness of the rancher or permittee to cooperate in applvinc the 
plan, and the cffectncncss of subsequent inspections of results with 
the application of needed adjustments 

Practicabihts and flexibilm arc essential requirements of a successful 
gracing plan An ini oh ed, oi crK theoretical plan is soon cast aside 
b\ stockman or administrator Ultimate, if not immediate, financial 
returns for his management efforts must be apparent. 

A grazing plan must be checked frequenth in the field, preferabh 
e\er> tear Actual use and current utilization records arc the basis 
for grazing capacirv and other plan adjustments {IS) It is of greatest 
imponance to maintain complete and accurate data for these records 
which themsehes are a permanCTit part of the management plan 
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SAMPLE Range Sur\ea AIvnacemevt Problems and Calculations 

The follouing problems, uith the steps involved in their solution, 
show how sunc} data maj be summarized and used m mimgement 
planning 

Problem 

A range area consists of 247 acres of open woodland 27 acres are inaccessible to 
sheep and 45 acres arc inaccessible to cattle The aterage densit> is 0 6, die key 
plants for cattle are Poa, Melica and Latbyms, and for sheep they are Latbyrtis, 
Seiiccio, and Cercocarpns Forage acre requirements arc 0 7 forag? acre per 
month for cattle and 0 2 forage acre per month for sheep 


TABLE 27 


Forage 

Compotition 

Compost 1 
lion 1 
(Percent) | 

/fc 

Density 

PUF 

for 

Cattle 

PUF 

for 

Sheep 

\Comp XP U F 

\Den XPUF 

Cattle 

Sheep 

Cattle 

Sheep 

20% Grasses 

1 








Poa 

5 ' 

0030 

0 70 

0 60 

0 035 

0030 

0 021 

0018 

\UUta 

7 ' 

0 042 

0 70 

0 50 

0 049 

0 035 

0 029 

0 021 

Bromuj 

8 

0048 

0 50 

0 40 

0 040 

0 032 

0 024 

0 019 

40% Forts (M «ds) 

1 

1 







Laikynis 

10 I 

0 060 

0 70 ' 

090 

0 070 1 

0 090 1 

0042 

0054 

Seneeio 

15 1 

0090 1 

030 

060 

0 045 1 

0 090 1 

0 027 ' 

0 054 

Pentuemon 

10 1 

0 060 1 

030 i 

0 50 

0 030 ! 

0 050 

0 018 ! 

0 030 

^goserte 

s 

0030 1 

0 50 

070 

0 025 

0035 

0 015 

0 021 

30% Browse 









CfTCocarpus 

5 

0 030 

0 70 ' 

0 80 

0 035 

0 040 

0 021 

1 0 024 

Ceatjothus 

15 

0090 

020 

0 40 

0 030 

0 060 

0 018 

0 036 

Phamnus , 

10 

0060 

000 

0 10 

0 000 

0 010 

0 000 

0006 

10% Trees ' 


t 







Quercus 

8 

0 048 

0 20 

0 40 

0 016 

0 032 

0 010 

0 019 

Pinus 

2 

0 012 

000 

OOO 

0 000 

0 000 

0 000 

0 000 

Totals 


0600 



0J75 

0 504 

0 225 

0 302 


Relation between densit> and composiaon in calculation of forage acre 
factor Figures are shown m Table 27 (In practice either the density or the 
composition of each species would be estimated depending upon whether the 
square foot density or the reconnaissance method w ere used ) 

Summation (densit} X P U F ) — Forage acre factor 
(where square foot density method is used) 

0 225 for cattle 

0 302 for sheep 
or 

Summation (composition X PUF) X av densn> — Forage acre factor 
(where reconnaissance method is used) 
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Sotutton 

0 6 X J7S - 0 225 F A F (or cictle, 
0 6 X *(M - OJffZ F A F for «hcep 


B CalculaOon 

F A F X Surface aaes Foraz- acm 

^otulion 

Cattle (247 - 45) X 0 225 « 45 5 F A 
Sheep (247 - 27) X OJ02 6A4FA. 


C Computation of z^azirx eapaeitj 
Fo'a^e acrrr 


Foraz*" acre requiretrent 


= Gracing capaot) 


*» 372 5hceivi7wnth( 


D Calculation of ton erucn jMcn from co»» to sheep 
Granrg capaory for sheep 
Cracieg capaacf for cows 

Stluiien 

232 

*5 11 sh*ep»months per 
65 


Conversion factor 


E US'* of ee/s enton Jattor If an adjacent, similar rarg* has a carrjnrg capaoty of 
500 ca de foriS month grartrg season, how many sheep will it cam" for 3 months* 
Sclulisn 


*0O X 5 * 2 5Wcow month) 
2,^00 X 5 II 12 775 sheep-months 

— ■= 4 ‘**8 sheep 


Raagc Herbsrtam 

The building up of a herbanum composed of forage browse 
poisonous, and conunon, unpalatable species is an essential part of a 
range sui^cn Since the \3luc of the collection depends on the care 
with which specimens arc selected, dned mounted, and labeled, an 
outline for these acti\ incs IS bnefls presented Complete desenpaons 
of collection procedure are given bv Pool (7), Sampson (II) and San 
ford (12) 

Each specimen collected must be complete enough to make ideno 
ficauon possible Herbaceous specimens should mcludc root, stem, 
leav es, flow ers, and mature fruit, w oodv speam^ns should show a tv'pi 
cal shoot, a bark segment, flowers, and mature fruit. 
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In field coliccang, the chief item is a plant press which may be constructed b> 
the collector or purchased from a botanical supplj house The preferable size is 
12" X 18". The press consists of eight stnps V*” x H" \ 16", and ten strips 
\ II", of strong uood such as oak, ash, or luckor>', m the form of two firmly 
nailed lattices Newspaper or, prefcrabl>, cut newsprint is used for drying sheets 
between the absorbent blotters The press is held rogctlier by two belts or straps 
which permit application of pressure, or, at headquarters, a 50-pound sand bag ma> 
be placed on the press A trowel or pick are convenient tools m procuring 
specimens 

A field notebook, preferably of pocket size, is needed to record information 
which IS uahzed in filling out herbarium cards, similar to the one illustrated in 
91 These cards, with glued surface on the back, are attached to the lower 


RANGE-MANAGEMENT HERBARIUM 

Name of Institution and Division 


Collector’s Plant No._ 
Name 


. Herbarium No 


Locality- 

Type — 


{Botanical) 


{Common) 


{Eleisitjon) 


. Abundance 


Forage value.. 


(Habitat and association) 


{Cattle, horses, sheep, or goats) {Forage preference, %) 


(Season cropped) 

Collected by 


(Cropped •when snatnre) 
Date 


Fic 91 


Oght-Iiand corner of she mounted specimen The collector's plant number is first 
^corded m the field book and then plated on the retaining sheet of the specimen 
tnc number is later recorded on the herbanum card when the specimen is 
mounted 

In pressing, the plant specimen should be arranged so that the flowers and fruit 
spread out, to facilitate obscnation Plants should be laid out flat and should 
not be overly crowded If too long for the retaining sheet, the specimen may be 
mded m a V or N shape Slips of irnniia paper with a slit down the middle are 
viscfui for keeping bent specimens from spreading Plant specimens arc best 
preserved if dned fairl) rapidl) To hasten drying, a dr>, absorbent blotter is 
rm each side of the rctimmc sheet containing the specimen These blotters 
r>oid be changed once a dij vv ben the specimens arc succulent and about t« ice a 
"eck when the plants arc niodcrarcl> drj During the diymg process the coJIec- 
*>on should be under sufficient pressure to keep the plants from curling 
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Hcrhinum specimens should be secure!) mounted The mounting 
sheets ire usuilK IV//' X 16 " ind ire made of u hire, Jighr-u eight 
cardlioard T!\e specimen mas first be glued m place and then finnij 
fastened with narross strips of surgeon’s adhesive Ucav) specimens 
inav be sewed in pJice I \tri flowers ind fruits arc pheed in a small 
envelope, which is glued to the mounting sheet The hcrharuim card 
or label is afiiicd to the lower right-hmd comer of the mounting sheet 

IlRMS PrRTlSFST -m RASU |s\f\TOItlM A\U GRV7|Nr Pwss 
Admwitmme umt A n>nt.c area under tJic specific minagcmcnt po!ic> of a 
sin|.le a^enc} jnilniJua} or cnoficntnc i;n>up of indniiJuals 

Attnml umt I tiratc rc<iu«r«ncms of a nianire cow for 1 year Five sliccp or 
five poats arc gcncfall} reparded as equal to one cow for ranpc prarirtp 

Antnul unit vionths, or A UM I onpc or feed sufiiciem to support a mature 
cow or its equivalent f< r a penod of JO da>s It maj be further defined a* 
requiring JOO pounds of total dipestible nutrients or the equivalent of J/IO ton 
of lia> 

R«e viafy A map on which data gathered b> a ran^c survej is compiled 
Carrying capacity, tee Grarmp capacit> 

CotJ month Teed or forage nccessaf> to mamtam a mature cow ft r JO da>s 
Unweaned caUcs are included with cows m estimating cow months Cow month 
also refers to unit of time a given range area is cr may be grared 

Culture Man-constnicfcd features shown on a nup at distinguished from 
natural features fences roads ere 

De/uity Percentage of total ground area covered by vegetation preferably 
expressed as a fraction or m tenths lO/lO - lO or 100 percent density f/H> 

0 f. Of so percent density 

Dnft fence A fence often supplemented by natural barriers for preventing or 
retarding sfocl. from drifting to an adinmmg area 

Enclosure An area withm which livestock or other specified animals arc con 
fined by fencing or other artificul means 

Exclostire An area from which livestock or other specified animals arc ex 
eluded by fencing or other artifiaal means 

Forage acre A hyivotheitcal acre with a 10/10 density of forage that can be 
uulized to the limits of the physiological endurance of the vegetation Forage acre 
factor X surface acres •- forage acres 

Forage acre factor An expression of relative forage value Average density 
(by type and subtype) of range forage x proper use factor (average weighted 
palatabdiry) •= foragc-acrc factor 

Forage acre requirenient The number of forage acres or fraction thereof 
required to support a mature grazing animal for a specified period w ithout injury 
to the range resources 

Forage value The rank of a range plant or a plane rjpe for grazing animals 
under proper management, prcferablj expressed as proper use factor 

Gracing capacity The number of animals that can be maintained on a unit 
area for a stated penod of time without iniuty ro the range or other resources 
Carrying capacity is a synonymous term 

Grazing (range management) plan A speafic grazing program for a private 
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range or public grazing allotment, preferabl> based upon nnge-imentor> informa- 
tion It IS usuall> graphic, accompanied by written directions, and should include 
the yearlong operation 

Grazing (range) survey Systematic collection of data penairung to forage and 
other resources pertinent to proper range management on a range allotment or 
management unit 

Gracing unit Any division of a range used for handling stock It usually 
refers to a subdivision within a range holding or a grazing allotment, as on public 
range 

Intensive grazing survey A range survey entailing detailed mapping and data, 
usually' including types of 5 acres or less 

Mosaic (photographic) A picture assembled and reproduced from selected 
portions of photographic contact points 

Overgrazing Elimination or thinning out of desirable range vegetation, perhaps 
followed by accelerated erosion and attendant evils resulting from excessive or 
unseasonable grazing 

Overlay A transparent sheet used as a supplementary map to show important 
additional features or information of more or less changeable character 
Overstociing Stocking beyond the safe grazing capacity’ 

Pennittee One privileged to pasture a specific number of stock on a public 
range by reason of having been granted a grazing permit 
Planimetrtc map A base map of a speafic area showing drainage courses and 
inajor topographic features derived from aerial photographs or by other methods 
Plant eater All plants on an area regardless of their palatability 
Plant density f see Density 

Proper stocking Stocking of a range to its safe grazing capacity, or slightly 
below 

Proper use The degree chat range forage may be utilized on a sustained yield 
basis when all services of the land are considered 

Proper use factor (palatability factor) The percentage weight (sometimes 
height) at which the available plant species are grazed when the range is properly 
used 

Proper utilization Degree of annual removal of forage that will maintain or 
rniproi e the grazing capacity of a range unit over a series of years, term is synony- 
mous With that of proper use 

Pange inspection The act of examining a range for condition, to disco\er 
errors m the existing management, and to gather data for remedial measures 
Reconnaissance Here applied to grazing surveys m a special sense 
Sheep month Amount of feed or forage necessary to maintain a mature 
sheep, or cue ith suckling lamb, for I month Commonly figured as % of a cow 
month Sheep month also refers to unit of time a given range area is or may be 
grazed 

Surface acreage The acreage contained within the boundaries of a plant type 
other div isions mv olv mg a range management plan 
Stistatned forage y/eW Continuous, season after-season production of a de- 
S'raWe amount and quality of forage under a specific grazing plan or practice 
T'ype map A map showing plant types (associations) and their designations 
also show other range management information 
symbol The numerical svmbol numlwrs adopted to express character 
otage for two or more ty’pes 
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Vtilizjtwn The cxicnt to %\hich «mc or more Lindt of fora^inc; animab has 
consumed t!ie current production of forape on a ranpe unit, usuall) expressed in 
pcrccntacc b> hei^^ht or solumc steipht of foraj-c remmed 

Vegetiuon ntbtypt A flonstic unit in a se^ctatioti t>pc (^association) nhirfi 
differs in composition, condition, andfor demit> ftirm the t>'pe as a whole 

Kepefjrion type A ranpt area supporting a plant corninunit> distingtnshafale m 
its botanical composition from other range cmers 

> eirlonx Tunne A range that ts suitalilc for grazing at an> or all times in the 
>c3r, iboagh not on the same land unit 

If nte up IJaborarion of field note* recorded for a plant cofnniunit> taLcn 
« hilc tnaLing a ranee surs ej , includes comprnition and derarr} . range condinon, 
and important management features 
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SOME ECONOMIC, PHYSICAL, AND 
SOCIAL ASPECTS OF RANCHING 

With the knowledge of "^edraE"paB« consider m 

of ranch properties presented in the encountered 

this chapter some of the economic enalyaed U 

hu^n. 

“hnS ™c”mg was former^ regarded - "oiv-S 

taking Uanchers neither received nor ® .nter 

their problems Currently the enterprising P^ ja^nd fot 

estcd m operating and rebuilding a more limite .nterested m 

;«lit> InLock production The operator is *etetoe «^nt 
such economic and social issues as taxation tariff P°’ ““ . eal 

and credit, liiestock marketing and studies in the biological p y 

and social fields , „ „f „rarinE lands and 

A Mcll considered economic research program of Stat B ^ 

ranching methods Mould directly benefit ^sources 

students of agricultural colleges and others to understand the 
and problems of ranching 

Classification of Range Lands 

The natural grazing lands are 
to season of the > ear in which they are pastured The p 
. t,nd summer range land winter range land and y earl t 
land (af) These areas occur from the high mountains to “ 
desert range The cover may eonnst of a combination of 

range is most extens i,.ecrnck oroduction is obtained "oe 

"S.lyto«“ 
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General Considerations in Choosing a Ranch 
Ranching is a complex industry involving man\ skills and various 
forms of labor Famihanty with the factors involved can be acquired 
onl) by personal contact Avith them 


Experience 


“What factors should I rake into account in acquiring a livestock 
nnch of my o\\n2’ ‘How should I proceed to find i ranch suited to 
iti' pockethook and to my bkmg^ ‘ How much money will be 
required to buj a ranch upon uhich 1 can imke a In mg’” 

Questions of this nature are frequentl) asked bv >oung men uho 
desire to buv a ranch and not infrcquentl> b> ranch operators who 
plan to enlarge their holdings CertamH a potential stockman seeking 
a ranch needs some standards or measures to help him properly appraise 
Its a\orth In the foUoumg discourse are defined and analyzed the 
standards that should ordinanl} be used in selecting a profitable live- 
stock ranch 

The most important single factor is the man himself His success 
"lU depend largely upon his business acumen and abilira to adopt 
proven economic methods, upon Ins ambition, fendness for and knowl- 
edge of livestock, and upon his enthusiasm for ranch life ( 10 ) 
Purchasing a combination home and operating ranch entails much 
more careful judgment tlian buving a nncli purcl> as an investment 
The decision to buv a ranch should not be based upon its phvsical 
features alone, the personal abilities, financial position and preference 
lor a particular kind of Incstock, among other thincs plaj a major 
role 


Assuming tint a v oung man Ins the basic personal requirements and 
tuc desire to become a stockman, how can he learn to appraise and 
uperate a ranch" The best and often the onK wav to acquire adequate 
practical mining is to lure out to a successful stockman In this wav 
ic apprentice will learn improved and modern methods of land and 
‘Restock management While serving his apprcnticcsliip he should 
Ills earnings engage m all classes of work, and srudv the reason 
or doing a job the w a\ it is being done 

oppofxnnir\ afTords the potential stockman inav supplement or 
*nrcnsif\ Ins training hv attcmhnt; an agnculturat college, but no v oung 
should expect to nm a ranch succcssfulK on a college education 
•me Practical nnch experience viiU teach him how to do things 
Hie Use of the local cvicnsion service, I cdcral agencies ami libraries 
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\uH help him meet important problems Cooperation uith these 
public agricultural agencies in the long run also pay dnidends 

Choosing GF^Elt^L Location 

The factor that most strongl\ influences choice of a general location 
IS probabI\ the region vhere one was reared and that one knows about 
Personal contacts and pre\ lous experience usually influence the decision 
on the general location of a ranch 

Qimate is also important U the climate satisfies personal tastes, is 
reasonabl) fasorable to the production of good forage crops, then, 
presumably, the climate is satisfactory from a business and personal 
standpoint 

It IS important to select an area w here the ty pe of ranching preferred 
IS highly developed To have a yearlong range m Montana is almost 
impossible, to have a cattle ranch m a predominantly sheep country is 
unsatisfactory 

Selecting the Ranch 

Once the general location is decided upon, manv factors come into 
prominence m selecting a hyestock ranch These factors may be 
divided into three categones physical, social, and economic, although, 
admittedly , the subjects are interrelated m many instances 
The most important physical factors are topography, soil, forage, 
yyater, and animal and plant pests 
Topography This factor plavs an important role in the selection 
of a stock ranch, although less so than in farming Both sheep and cat 
tie can use rough, mountainous ranges but sheep y\i!J utilize rougher 
country more completely than cattle (Chapter 15) The effect of 
topography on erosion and forage production is also important t-su- 
ally the most desirable range has gentU rolling topography , w ith nearby 
mountainous areas supplying abundant fresh yyater and lush summer 
forage 

SoiE Many a beginner in stcck raising has invested in a ranch yyuh 
poor or eroded soil (5) Large and nutritious forage crops cannot 
be produced on range yvherc the sod has been senouslv depleted 
The stockman is pnmanK interested m the forage yield The pru 
dent purchaser appraising the area yyil! take into consideration the p3St 
stocking of the ranch, he yyill consider the amount of ycgetation as 
well as Its composition and physical cond tion, actually and potentially 
Forage The stand of good quality forage is of prime importance, 
since It determines the profitability of a range The character of forage 
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desired will be largely determined by the kind of animals to be grazed. 
And the possibility of artificial range reseeding should not be over- 
looked (Chapter 11). Suitable natural forage should be available dur- 
ing much of the year to hold down the period and cost of yard feed- 
ing iC, 20). 

Water. A ranch without adequate stock water is ^vorch little. At- 
tention should be given to the quantity of water available, its quality, 
its dependability at needed seasons, and the possibility and cost of 
developing additional water (Chapter 14). The cost of maintenance 
may be high, especially in the Southwest, where stock water is com- 
monly stored in reservoirs. 

"The possibilities of developing irrigable hay or pasture lands should 
also be kept in mind. 

Range Pests. To overcome the presence of range pests is often 
difficult. The unwitting purchase of a ranch harboring poisonous 
plants may result in serious consequences. And although predators 
are becoming less important as destructive agents in the stock industry, 
in some areas they are still troublesome in slieep production. Local 
residents are usually familiar with the predator situation and should 
be consulted. 

Rodents (ground squirrels, prairie dogs, gophers) frequently reduce 
forage supply markedly and deserve local consideration. Rodent in- 
festations are easily recognized by the presence of loose soil or promi- 


nent runways around entrances of their dwellings. 

Social Considerations. It is especially desirable to select a ranch 
\iie is agreeable. The standards living in the area 
3rc often a good indication of the value of the land and of the culture 
and intelligence of its people. It is better to begin rancliing in an arc.T 
already devoted to the industrj% where there arc neiglibors with whom 
Jo cooperate, than to pioneer in a new area where settlement is spccu- 
atJV'c. Also, the extension sendee is usually well equipped to give 
ass^ance, especially in an area already developed. 

I he assessed value and tax rate of lands in some regions may be 
excessive because of jiigh cost of local governments due to infl.itcd 
evaluation of properties. Hampson (S) reported that the t.axcs on 
certain grazing lands in South Dakota were higher tlian the grazing 
ew on similar government land. 

ha* roads, rail transportation, schools, churches, and niarkcts 

a direct hearing on the net income received and on the cost 
standard of living. 



426 


rc0\0\tic AND OTHER ASPI CTS Of RANCHING 


Economic Considerations m Choosing a Ranch 
Under economic factors arc included such considerations as si7e and 
pbisical sliapc of the nnch use of public or pnvatcU ouned lands 
busing k-r leasing appraising rangeland \ allies Inning the brand 

(lucstock improscmcnts etc )» and distributing the capital inicstmcnt 


Sl/» OF Rasoi 

The optimum sire of nnch is that which will vicld the highest net 
return for the use of the operators land labor, capital and inanacmc 
abilttj {IS) Tlic size of ranch meeting these requirements is often 
spoken of as the economic size Tlic probable returns arc more 
closclj associated with numbers of lucstock than with range area 
since carrying capacitj \arics so greatK The returns per cjctJc or 
sheep unit will also depend on the kind of forage gcncnl management 
carrvmg capacit> and breed of Inesiock The optimum size of 
ranches m the esc seems to he between those that support 2a00 to 
5000 ewes or 250 to fOO cattle (/<»> The lower limit of economic 
size depends pnmaniN upon the number of head that make for good 
animal and range husbandr) practices Saunderson m J9?“ (JS) de 
fined the minimum sized economic ranch as one that Mclded about 
$1200 annual cash income and which m the Intcrmountain region, 
would require about 1200 ewes or 100 to J50 cattle The calculations 
were based upon aieragc prices of wool lamb and beef In 19a0 
because of the low purchase power of the dollar the cash McId of the 
minimum-sized ranch was probabU about t\%ice as large as in 1937 
For California conditions, Shultis (/S) reported that ~00 to 1000 ewes 
or about 100 breeding co«s were required for ascrage annual famiH 
income if the operator was out of debt 
The following paragraphs present some theoretical economic con 
cepts which ma> be of interest and \alue to those accustomed to 
thinking along similar lines 


TTie cho ce of size of nnch and scale of operation depends on (I) the 
abtl t> of the factors of production stjch as land, labor cap tal, and manaffement 
ab 1 ty and (2) their organ zation for max mum cff;cienc> of output of ranch 
products To undersund these relaiomhps the thcorcijcal cost curses of 
economists are useful These cast curses are conceded for a Ion" run or > 
short run period In the long run penod all the factors of production may 
saned in the short run period at least one of the factors cannot be chanced m 
magnitude A rancher who is planning h s operation from the bcginn ng ' 
probabl> operate in the ‘‘long run” because he can acqu re or dispose of factors of 
production and can combine them m an> manner desired within fin tc I nuts. 
An operator who alre3d> has a ranch tisaaU> is m the “short run" because one or 
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more of his factors of production cannot be changed in the period for which he 
IS planning his work, he must, therefore, adapt his plans to the guen resources 
Tlie so called rancher’s ‘ planning curve,” which is an env elope of the short run 
cost cun cs of ranch operations of given sizes, is a long-run cost curve ^ The 



planning cunc (Fig 92) is made up of a senes of short run cost curies (Pig 93) 
and, theoretically, Mould be of a perfectly smooth U-shape if calculated from an 
infinite number of short-tun cunes 

The short-run curie (Eig 95) indicates that, for a ranch of given size and 
combination of other factors of production, some point P exists at iihich the costs 



per unit liMii of hicsiocU arc at the niminuim An> smaller or 
Muantits of the other factors of production applied to this ranch Mould 
, increased per unit costs Tlic curse ma> be rccOfTiircd as that <»f 

isfiing returns" "increasing cims’ or \ amble proportions. 

shows, the lowest possible ascracc cost of producing an> output 
'r Operator has adesjuatc time to make all desired adiustments 
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If similar curves could be constructed for other size ranch units in the same 
general area (similar soils, markeong conditions, and other factors of production) a 
planning con e (Fig 92) coold be draun nhtch would show the optimum combina- 
tion of all the factoR, assuming all can be readi!> \aned An optimum com- 
bination IS indicated bj point X in Fig 92 (lO/WO acres, about IJOO head) This 
long-run cune provides a theorencal basis for selecting the ranch size, amount 
of capital to be invested, and labor to be used consistent with the managing abi]iT> 
of a given rancher 

The planning cune would have much practical value to the ranch bujer 
provided the data were available for drawing such a cune The infomunon. 



Fic. 94 Curve showing change in proBts by producing bej ord the point of least 
cost per amt. 

however, is seldom, if ever, available, and the planning-cune concept has value 
only m providing a framework for logical analjsts of the data that can be compiled 
Observaoon of ensong ranches and discussion wnh ranch operators, w ell informed 
local people, or pubbe offioals ma> provide a bajs for dasstfj ing ranches m some 
relani e posioon on a planning cun c Such a classrficanon w dl giv e somethin,? of 
a ‘^ardsncl” in jud^ng advisabiho of proposed ranch investments 

After the optimum ranch has been selected, economic iheorv uses the short run 
average total unit cost curve (Fig 9J) to indicate the scale at which the ranch 
should be utilized in produangbvestock- To the curve of Fjg 9J should be added 
a pnee line QP, indicating the pnee per bead the rancher erpccts at the omc of 
markenng, and the marginal cost cone wluch shows the addition to total cost 
resulung from increasing die output bv I brestock unit. The relanonship of the 
three curves, mcluding pnee line F, b shown m Rg 94 The marginal cost curve 
will decrease to a low point, which is at a smaller scale of output than the 
minimum of the average total unit cost curve The nurgmal cost wnTl tht® 
increase, the addiuons to total cost (which the marginal cost curve shows) bemg 
less than the avera^ cost per unit of livestock unril the oorpur X i* reached 
The greatest scale of ourput-the mawimmi total profit to the rancher-w Hi be at 
the output y (Fivt 94), because op to that point each additional unit of output 
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returns more than it cost, price being greater than the marginal cost. Beyond the 
output y the addition to total cost exceeds the price recened per unit, hence 
such producnon is unprofitable. The actual profit realized from producing beyond 
the pome of minimum a\erage total unit cost depends on how much greater the 
total returns are over total costs for outputs between X and T, which, in rum, 
depend on the actual level of prices the rancher receives (In Fig. 94 area A shows 
the increase and area B the decrease m money returns when operating at output Y 
rather than X, and A will exceed B only up to the output Y ) 

The short-run cost curves of Fig. 94 present a theoretical concept which may 
have considerable practical relevance to ranch operations Ranchers usually null 
have Some estimate of expected pnees (F) and costs and will know roughly what 
output they can profitably produce under the expected price and cost situation 
The planning period in livestock operations is usually greater than I year, and the 
expected prices and costs may be based on likely trends rather than on prices 
and costs prevailing currently or m the immediate past. The alert rancher will 
have some notion similar to this theoretical one and will seek out information on 
prices and costs to enable him to make the best possible estimates to help his 
operational planning. 


Physical Shape of Ranch 

This is usually beyond the control of the buyer. Long, narrow, or 
patchwork” ranches are not desired but are commonly found, because 
of attempts of former owners to control water rights along screams. 
The different pastures should be fairly accessible to headquarters, to 
minimize unproductive work (//). Generally, the headquarters should 
be located as near as possible to the center of the ranch and still be on 
fhe main highway; and the ranch should generally be divided into as 
many compartments as there arc grazing seasons. 


Use of Public or Privattly Owned Lwds 
All the acreage required for optimum size of ranch need not be 
otvned by the operator. Often a large portion of the range is owned 
Cither publicly or by priv-atc operators, and the rancher pays rent in 
I/**"’” £>ra7ing fees or lease. The amount paid in grazing fees on 
public land and for leases on private land often amounts to less than 
c economic rent of the area. It is usually to the advantage of the 
tanchcr to secure the use of such lands upon whicli to graze his stock 
tier than to own the land (IS). Therefore, in purchasing a ranch, 
>uycr should know xvhcthcr the former owner lias grazing pri\ ilegcs 
the public domain or other tracts. 


Buying vs. Lfasino 

jf the potential rancher has only a small amount of capital to invest, 
IS uwialiy better to lease the property than to borrow and purchase 
tight (12). By leasing, the rancher has oppommiiy to dcteniiinc 
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whether the returns arc grcit enough to wirrmt ow-ncrship If pr>s 
sihle the rancher should lease the ranch wjtfi an option to purchase 
after a specified period 

Before purchasing the buver should imcstigatc the possibilities of 
obtaining satisfactor\ financing LsualK the best was of getting low 
interest nionca is tlirougli a goacmnicnial agcncs A rate of 7 percent 
interest on mortgages will break most ranchers Seldom should more 
than 5 percent interest be paid (31) Tlie sire of tJic niortgigc should 
prcfcrablj nor exceed 50 percent of the sahic of the ranch "5 percent 
IS dangerous \\ hether the rancher has a mortgage or not he is entitled 
to interest on hts imcstnicm Size of indebtedness is a trcnicntloush 
important factor m the stabihis of a ranch operation 

AlPtlttSSf Ot Rss<f 1 AM> \ SI CIS 
The value of range land depends solcU on its income producinc 
capacitv in the long nin (/tf) The imviinuni amount that should be 
paid for the purchase of a ranch is the capitalized value of the ex 
pected net income from the properts Some range lands do not pro- 
duce sufficient returns to lease a profit It is better to lease inferior 
lands idle than to operate them at a loss Ranching is a business and 
should be handled as such 

Discretion should be used in dctcmiining sshac the ascrage economic 
rent of a properts should be for land mas have an inflated saluc during 
a boom period or an abnormalls loss saluc during a depression One 
method of taking into account income oscr time is to assume that 
future long time incomes vs ill be equal to past long time incomes (-f) 
But the range ma) ha\c liccn depleted sc that future incomes ssiH 
losser than those of the past On the other hand a run dossn poor 
condition ranch niiglit be built up b\ proper range management prac 
ticcs and future incomes mas surpass those of the past 

It IS sscll to keep m mind that the cattle and sheep enterprises hase 
periodic up and dossn sssmgs as reflected in the numbers of these 

animals (/ 2 3) The range hsestock business or income cs clc should 

be kept distinct from the land saluc csclc Land salucs tend to lag 
behind income because thes arc oservahiatcd sshen purchased during 
declinmir incomes and undersaluatcd when purchased during rising 
incomes (2 J-f) The operator ssho purchases a ranch at the los\ of 
the land value cscle has the best chance of sursnal b-enuse of losser 
interest charges on the msestroent Usualls hosscser sale of ranch 
properaes is sluggish during the loss of a cscle since returns arc small 
and jni estment does not look prom sing During the crest of the cs cle 
\\ hen land prices are inflated the sale of range lands hkc stocks and 
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bonds, is active, resulting in wholesale losses and abandonment during 
the trough of the downswing after the crest. 

In purchasing a ranch it is common to use empirical methods as 
guides, including a combination of the amount of capital available, going 
prices of ranches of comparable size and condition, and intuition. The 
use of going prices is a good indication of the value of range lands but 
is often misleading, because they too will be affected by inflated prices. 
It is wise for the beginner to lean on an e.vpenenced friend or a pro- 
fessional appraiser rather than on his own judgment. 

An area should not be overvalued because of some speculative element 
such as the possible presence of oil, ores, future residential sites, or a 
grazing permit on a national forest. 


Buying Brand 

In the exchange of ranch property, the purchaser usually buys the 
“brand.” This includes the range lands, water rights, ranch head- 
quarters, equipment such as corrals, machinery, saddle and draft stock, 
and such numbers of the herd or band as is agreed to. This form of 
purchase is generally recommended. An income is realized from the 
beginning; and it offers opportunity for the new owner to work out 
improved management plans, since the ranch is self-sustaining. Where 
the ranch land alone is purchased, considerable time may be required 
to procure a good grade of animals and the needed equipment. A 
self-sustaining ranch also may be disposed of much more readily than 
an underdeveloped one. 


Credit Facilities and Title Search 
Securing the needed capital to purchase a ranch is highly important, 
or the property cannot he liquidated rapidly (9). Fairly low interest 
fates on loans are now available through both the Federal government 
^nd private organizations (19). 

•'lost financial agencic.s will make or require an adequate appraisal of 
® property before advancing the loan. If the rancli fails to qualify in 
®n\ viral way, the thought of purchase should be dropped. The buyer 
ifnild then look for a ranch that meets all rcquircment.s. 

he sales commission of a licensed broker, commonly 5 percent of 
purcliasc price, is collectible (IS). The Ijrokcr lirings buyer and 
ill negotiates price, cvccuKrs the contract of sale, dnaws up 

fin^ ’"^^d arranges for the title search and frequently for the 

price paid ssmild not necessarily or always be loner 
. me amount of the commission had the purchase been made w ithout 
uokcr. v.nlidit\' of the title should be nwtlc through a title- 
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insurance compan\ or an nbstractmg concern The cost usua]J> 
amounts from Vz to I percent of the purchase price of the propcrt> 

DiSTRinoTioN OF Capital Isshstmint 
The proportion of fixed capital (monc\ to be invested m lands and 
improscmcnts) and of liquid capital (monc> for the breeding stock 
and feed) is another important consideration in nnch ownership 
Often the beginner with limited funds is unable adcquatclv ro stock 
his ranch, therebs wasting forage and decreasing net returns 
The proportion of the imcstmcnt that should be allotted to land as 
compared to that in Incstock \arics widcK On mins western ranches 
three fourths of the capital is inscsted m land W here the animals are 
grazed searlong on the public domain most of the capital is inicsrcd 
in Incstock* In general it is well to hold as low as possible the in 
\cstment m land leasing a large proportion of the capital m working 
form Howeser, a cemin ponmn must be invested m fences and im 
pros emcnc w ork 

ft has frequentfs been recommended that not more than 50 percent 
of the capital be in fixed imcstmcnt, although durine normal times a 
ranch with $100 or shghtlv more invested per animal unit will vield 
a profit FJuharrv (7), srudvmg bccf^cattle ranching of California 
for 1917 and 1938 concluded that earnings would seldom jusfifv an 
in\ cstment much m excess of $125 m land and improv cments per animal 
unit for those years At that time overcapitalization was a common 
cause of low income to the ranch operator \\ ooden (25) also rccom 
mended land investment as low as possible in relation to the value 
of the breeding herd or band Shultis (IS), in I9-H, pointed our that 
where all the land is owned a California famil) size ranch of lOO 
breeding cows or from 700 to 1000 breeding ewes would demand a 
minimum m\ cstment of about $25 000 In 1950 the mv esrmcnt w ould 
not be less than $40 000 

Of the 16 ranches in South Dakota studied bv Hampson (5) m 1933, 
none that had less than 45 percent of the capita! invested m livestock 
had an income of more than $1000 annuaU> Those that had less than 
30 percent m livestock had incomes of less than $200 annuall> In 
general the proportional ranch mvretment to be recommended is as 
follows 50 percent or less m land, 35 percent or more m bvesrock, 
15 percent or so m improvements 

Many operators keep liquid funds on hand to enable them to take 

2 This propornon is on!) apparent if the amount paid in fees or leases ssc« 
capitalized and this capitalized value used the ratios considered might be about the 
same as where the land i« owned 
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advantage of bargains as they arise A certain kind of livestock may 
be offered at low prices at a time when the operator is in a position 
to buy because of excess hay or range forage on hand 

Selecting Stock 

If the beginner does not bu\ the animals with the ranch, he must 
purchase stock separately Cheap, inferior breeding stock may gradu- 
all> be built up to good animals by using quality sires However, it 
IS usually better to begin with good, young breeding stock than to 
sacnfice the time required to breed up from inferior stock, even though 
the purchase price is somewhat higher (IS, 17) 

The rancher always has the aJcernative of purchasing a few good- 
quality animals and gradually increasing the number of breeding stock 
from the offspring he produces However, unless the unutilized por- 
tion of the range can be leased to another stockman, the forage may be 
wasted for the first period of years, and maximum income will be 
delayed 


Marketing Stock 

The nme of marketing range livestock is primarily determined by 
the age and condition of the animals and bv the supply of nutritious 
forage 

Range stock are marketed w hen they have attained the growth that 
the operator believes to he most suitable to his conditions In cattle 
this varies from vcalers to 3-\ ear-old steers, in sheep from prime "hot- 
ouse” lambs to light feeders Heaviest marketing takes place m late 
^immcr and fall near the end of the flush feed season August to 
ov ember is the period of continuous livestock movements to market 
O' er the West as a v\ hole, but m California the largest numbers of cattle 
3nd the winter-dropped lambs are marketed m the spring 
Tlic animals are usuilU sent to the closest market at which there is 
cmand for them Great numbers of feeder cattle and sheep from 
ontana to Texas arc shipped to niidwcstcm market centers m summer 
fall, where thev are sold to farmers for finishing 


Summary 

tv^*^**^ ^“^hor IS hopeful that the foregoing discussion has made at least 
o? clear (1) that livestock ranching is a complex business, 

*■ tlicrc IS no simple, short-cut, or infallible wav of buvmg a 

^^wfactorv ranch propenv 

-’'pcticncc in ranching and enthusiasm for ranch life arc essential 
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to success A degree from an agricultural college, although helpful 
and desirable is no substitute for cvpcncncc 

The first point in bin ing a ranch is to decide on the general location 
The climate and the suiiabihtv of the region for range Incstock pro 
duction must be sarisfacton In choosing the ranch the prospectnc 
bu\er must be sure that the ph>sical factors— topography, soil forage 
and \\atcr— and the social features are satisfactorv Next, he muse 
consider certain economic factors notablv size and shape of the land 
the possibilities of leasing adjorning range, the grazing capacirv and 
condition of the range and its seasonal forage balance, the proportional 
distribution of his capital in land improvements, and livestock respec 
ti\ elv , and finalU , v here or how the animals arc to be acquired and 
when and where marketed In addition, the operator should endeavor 
to combine these factors m such a wav as to obtain the economic 
size livestock ranch Due consideration to these factors should be 
helpful m avoiding error of judgment in the selection of a stock ranch 
The purchaser who borrows more than about half the value of the 
ranch under average economrc condtcions should reaUzc chsc he » 
taking a chance on repaying the difference before prices decline (22) 
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PROTECTION OF TIMBER 
REPRODUCTION AND USE OF 
SHADE TREES AND SHELTERBELTS 


Grains on forest lands .s an estabhshed 
including the United States This c establishment of 

grazing on timher reproduction, livestock production 

shade trees and shelterhelts in the interest of livestock p 

Protection of Timher Reproduction from Grazing 

The effect of grazing on timber ^ rmhts'Tnd mixed 

of concern In European forests, ancient 8 protection of 

•■. 1 . 0 . 1 ., ,1 ,h, l..d, J;™ '''1*1“',“ •' 111' boor 1“ 

against grazing animals («) „tnber repro- 

In the United States the effect of («, 21, 3«, 37, 

duction has been studied in several region grazing management 

41, 4r, 4S) These studies hat e shown that 'vho e g™^8 ^ 

IS faulty serious damage to tree reproducUon is likely to 

FAcroas Invluencing Damage to Beproouction 

The most influential factors causing damage ‘’degree of 

on the range are character of forage, season of grazing, g 

utilization, and gtazmg-management practice unsulted to the 

Character of Forage Where forag . throughout their 

animals grazed, timber species that goats, and deer 

height arc subject to serious in)ury, especial y > , ^,11 (a/) 

On moderately grazed bunchgrass range in i ponderosa pine 

noted that shLp heaviU broused 3^ perc^ of thejo^^ 
reproduction up to 3 feet in height On si j „tiH 10 percent 

more natural brouse and forbs, f <=P -™t\irb«nchgrasse\ tliet 
^>f the reproduction Since cattle and 
do little damaiie to timber reproduction 
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Season of Grazing. Liicstock grazing is least injurious to timber 
reproduction \ihen the forage is tender and rcasonablv abundant 
Young tree seedlings ma> be scnously trampled b\ stock carl> m the 
spnng Mhcn the soil is wet and the berbigc growth is limited. In the 
Southwest considerable damage may be inflicted by sheep dunng the 
dr> summer months where palatable browse and forbs arc inadequate 
B> autumn, tree seedlings arc less attractive to stock, because the leaves 
and stems are more fibrous and resmous (34). Measurable damage, 
however, mav be inflicted m late fall and early spring vvhen unseason- 
able snow s cov cr up much of the herbage. 

Degree of Utilization. Regardless of locality , too close range use 
results in much more damage to umber reproduction than conservative 
grazing (13) The extent of damage increases approximatclv m pro- 
portion to the closeness of the grazing. Manv seedlings m the cotvle- 
don stage are destroved bv trampling, hut goat and sheep that browse 
seedbngs dunng their first v ear’s growth on closclv used range causes 
ev en greater loss In the Southw est the entire crown is often nipped off 
and the seedlings killed oucnghc. 

Grazing-Managemeat Practices. Qose herding of sheep, excessive 
use of dogs, and bedding several nights in one place arc pamcularl) 
destnictne to tree seedlings (43). Poor distribution of cattle due to 
incorrect spacing of water and salt grounds, improper handling, and 
lack of adequate drift and division fences also account for injurv to 
reproduction The damage mav varv' from moderate to fairK hcav> 
on cattle range, and to nearlv complete destruction on sheep range up 
to about 314 feet m sapling height. Goats are even more destructive 
than sheep, but both prefer the recognized browse plants to conifers 
The bedding-out svstem of handling sheep and its suitable adoption for 
goats should be followed to the greatest extent possible (Chapter 15). 

Total exclusion of sheep or their replacement bv cattle as protecoon 
of tree reproduction has seldom been earned out extcnsiv elv , because 
of economic complications. But cattle and sheep numbers have fre- 
quently been cut gradually on public lands to avoid sudden readjust- 
ments by ranchers. Correction of damage lies essentially in proper 
adjustment of livestock numbers to the grazing capacity of each range 
unit and in adoption of improi cd management methods 

GR-vzrsc IN THE Pvanc Covst and Northwest Region 

The forests of this region— California, Oregon, and M^ashtngton 
(Fig. 95, M, IB, IC)— consist mostly of cutover Douglas-fir, spruce, 
and pine. 

In northern California, Sampson and Davion (42) noted that Doug- 
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las-fir saplings 2 to 3 feet tall were occasionally ^ 5 L^tlw 

and by Ler-rubbing. Cattle browsed seedlings and ® 

sheep and goats browsed more destructively. P Imiberti- 

duction of ponderosa pine (Pim.s pondcrosa), P “ d 

ma), and white fir Ubics cmcolor) to Douglas-^ Sampson a 

Dayton, as well as Ingram (2^), or associated tree 

cattle and sheep was not destructive to D g • , j hazard 

species in this region. They noted *at graa.ng «du«d fire 
and that trampling by stock might aid seedling es ,„„aae by 

Stockmen m this region s"™''™“,^ '^““hTlongOTuS=ai5a!nst brush, 

burning and reseeding cutover Douglas-fir Ian . jjest 

timber, and bracken fern is often uneconomica , an conversion to range of 

ased as timber land (M. 22). Equally uncconommal is Douglas-fir 

the cutover California coastal redwood wgion. rh is cencrally of low 

and redwood areas arc innately forest soils, and orag Hmber production and 
nuabt>- (S). Certainly the redwood bnds are ideal for ninuer p 
should be maintained and managed as forest areas. 

Grazing in the Inland Empire and the Rocky Mountain R 

n,= forest tegion from eastern Washington and eastern Otegon 

'hroiigh Montana and Wyoming, and the Rocky Mountain teg 
fPig. 9S, II) arc similar in their reaction to grazing. 
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As eatU as 1899, Covillc (H) reported little m)ur\ to pnndcrosa pmc 
seedlings except along trails and on bedgrounds These obscr\ations 
resulted in opening the national forests to sheep grazing But goats 
were graduall) eliminated from the national forests hccaxise of their 
damage to tree reproduction, a decision fulls justified according to more 
recent stud> {14) Ingram {24) and Mungcr (52) concluded that 
moderate cattle and sheep grazing on Jogged Douglas fir and pondcrosa 
pine lands is compatible ss uh timber gross ing and fire control in Oregon 
and Washington 

On western white pine {Vtuus ittonttcola) forest m Idaho, \oung 
and associates (49) reported that moderate grazing fasored repro 
duction bs planting the seed, but tint osergrazmg ssas dctnmental to 
all coniferous reproduction 

In mixed Douglas fir pondcrosa pine forests of Central Idaho, Spar- 
hawk {45) concluded that moderate grazing caused hut slight damage 
to seedlings after thes reached 5 scars of age Earl) season grazing 
svas most destructive, pondcrosa pme reproduction ranking first m 
injurv, lodgepole pme {Ftmis contorta) second, and Douglas-fir last 
Aspen, after logging, is another species requiring protection from 
grazing injurv in the Rocks and Wasatch Mountains and other forest 
regions In Nesada and Utah aspen occupies considerable acreage and 
IS used for fuel, poses corral posts, lumber, boxwood, excelsior, and 
mine props After cutting, there appear great numbers of root sprouts 
but seldom ans seedlings The sprouts are highls palatable to sheep 
and goats, but arc taken hmitcdl) b) cattle 
Sampson {41) found that when aspen is logged, grazing b) sheep 
resulted in destruction of practically all the sprouts b> the third \ear 
after logging Accordingly, uvo courses are open exclusion of sheep 
grazing for three successne seasons after logging, bv which time the 
sprouts are beyond the reach of these animals, or moderate grazing of 
the area with cattle, since the> feed little upon aspen sprouts Sheep 
may replace cattle m the fourth season after logging Excessive num- 
bers of deer may also destrox >oung aspen stands (25) 

Grazixg thf Southwfstern Rmov 
In this region, embracing Arizona and New Mexico (Fig 95, HI), 
the problem of forest regeneranon is essentially confined to some 
9,000 000 acres of pondcrosa pme stands m the Transition life zone 
This forest composes about 6 percent of the area and supplies approxi 
mately 30 percent of the seasons forage Andiu and frequent 
droughts cause heavy mortalit) among young pme seedlings, and good 
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duction must be protected from excess! P g o 

forest region when the seedlings are young (lig V ). 



(C«rlw «/ u i I-"" 

Flo 96 A good pondcrosa pmc site ,p“*producnon, npht, pis- 

K'cral scats in succession contains ^ „ cvccllcnt stand of pmc 

lure grazed modcratelj by cattle and horses supp 

reproduction R.ordin, Arizona 

Gnrmg control is needed nlicrc ''’S8>Pg ^ “”|,'^j"’curimmcdntch . 
reproduction is being injured on areas n . ^ „ or three fat or- 

Onlt the rare combination of a good seed > car . loosen ante 

able growth seasons will establish rcproduc i snfTcr 

granng and good gra 7 ,ng nianagenicnt. reproduction docs not 

tindul\ (aS^ . , ‘T*/^ whar c\” 

Recovery of Ponderosa Pmc From Grazing , ^jock dam- 

tent mat pmc seedlings, after hating been t c f™' [,ro«singr "'>11 
fgv. he expected to recot er tthen protected from lirottsing 

thet grntt into productitc treest 

Coopcrridcr (/2) reponed that brottsed 1, ranches fomicd 

P'recd ttiihm a season on the stubs left and that hranenes 
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rather norma!!) on naked stems One of the nc^^ shoots soon replaced 
the lost leader, and soon most saplings showed good 5>mmetr>. 

Pcanon {36), first tagging and photographing 87 browsed pon- 
derosa pme seedlings and saplings m Arizona, noted that their recupera- 
tion w as rapid 

Unless completel) defoliated, a >ounB pme has a good chance to come back 
and grow into normal form, once the damage ceases If scscrc damage is 
repeated throughout sescral >c3rs, height growth is checked, and the sjiality maj 
be reduced to a point where death becomes incsitable lluf, after a seedling has 
attained a height of 4 to 6 inches, onI> extreme grazing will cause defoliation ap 
proaching the danger point >car after )car Such conditions must be watched on 
bedgrounds, around watenng places, and on other areas of concentration 

During the first and second jears after germination, seedlings ma)' 
be killed outright b\ graring, because the entire crown is devoured, 
with no buds left Where reproduction is needed, grazing must he 
light until the seedlings are at least J vears old 
Relative Returns from Timber and from Forage. On public lands 
the polic) is CO interfere as little as possible with established grazing 
practices, even where returns from the timber arc much greater than 
from grazing 

On the Coconmo National Forest, Pearson (?/) in 1927 noted that 
Federal fees received from grazing were 2 cents an acre annuallv, 
whereas the annual increment m a fairl) well stocked cutover stand of 
ponderosa pme was worth 30 cents an acre at average current srumpage 
rates He concluded 

Translating annual growth of forage and timber into returns to the 
communit), as represented bj the fob selling price of cattle, sheep, and 
v% ool on one hand, and lumber on the other, the v alucs are less than 
$1 00 an acre for the forage crop, and $S00 an acre for the timber crop 
In regions where timber grows more rapidl), the differcnrial in favor of 
the timber crop is still greater The Coconino National Forest has about 
600,000 acres of productive and accessible timberland This land is 
capable of a sustained annual )icld of at least fiftj million board feet of 
timber, which will support a permanent lumber mdustrv worth a nulhon 
and a half dollars a year The livestock mdustrv on this same land, under 
present conditions, can jieJd less rhan half a million dollars a >car 

But it should be recognized that w here the timber is too inaccessible 
for logging, grazing mav be regarded as the primarv mdustrv, though 
not at the expense of injury to watersheds or other resources of the 
land (37) 
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m the East-Centrae. Lake, akh Northeastern Reoioks 

These regions embrace most of the hardwood 
States (Fig%5, V and VII). A constderable ™ 

lands and Ltural hardwood stands are mamtamed m this region. 

^“^ir“;ralN economical on these 

woodlands in southeastern Minnesota, ’ Livestock should 

lacking or poor where grazing was permitted (S). Livestoc ^ 

be excluded on hardwood stands m this and othe 

^Tn'lndiana, DenUhl (IS) reported that ,'™dy 

lands soon use up the herbaceous cover reproduc- 

rt Sni t .rrTraX of the older trees are -hedged'* 
\ Pennsylvania Lutz (27) mued 

seedlings out of the ground. Livestock s j-sircd 

woodlands where continued wood ' .. j, in this region 

Leer are also seriously destructive to young ®rd- 

(//, 23, 39). Deer browsing has killed many Pe^n. 

wood, conifers, and palatable shrubs in the New • g j. j ^ ^^.^r 
sj-lvania, and the Lake states. In herd! are reduced 

eat the shoots of many “'‘.“; Y,"“,.se%lanting of woodlands 

m proportion to the supply of winter bro » P 

will be a poor risk. f,:i„a i„.nusc the new plantings 

Efforts to increase deer browse have fa , cr-ildishcd Neither is 
are destroyed by tbe deer before they can ited. a 

winter feeding of starving f ^ j,, more deer and tree 
prolonged open season on both sexes * 
growth in the long nin than any other procc ure. 

The undesirable effects of .ho doer 
imnagcmcnt have proven equal complete overthrow of 

deer herds have m manv sections rcsultc „i-«rin(T oocrations im- 

natural forest regeneration and ime made forest-plannng operat 

laossiblc (23). 

"Itic outcome of deer control, involving education of the p 
^''‘aitcd with interest. 
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Grx^i^g in tiif So^^r||F^‘»T^R^ Rrcios 
This forest region, esscntiallv the Atlantic and Gulf Coastal Plains 
area, includes the states from southeastern Texas to the ^tlanuc Oiast 
{Pig 9a, VI) In 1945 this region supported some 7,500,000 cattle and 
calves and 1,000,000 sheep (5) Most of the cattle arc pastured on 
forest range part of the sear, gracing being complemenrar> to timber 
grow ing 

Cattle grazing in the pine forest is seldom miunous to reproduction, 
except when green forage is limited Campbell and Biswcli (f) con- 
cluded that the cntical period is winter and carls spring before much 
growth has taken place At that time buds of longlcaf pine {Psnus 
pjh/ftns) and slash pine (P canhaea) are bkclv to be browsed to a 
damaging degree At other seasons cattle mav be more beneficial than 
harmful to pme reproduction This conclusion is \cnfiei bj Shepherd, 
Kaufman, and Biswclt (44) working m North Carolina 
Grazing in the hardwood forest reveals cntirelv difTcrcnt results from 
those in the pinc> woods Alanv supenor hardwood tree species are 
destructive!) browsed bv cattle Tor example, m the Appalachian 
region of western North Carolina, Biswcl) and Hoover (2) estimated 
the degree of defoliation of 14 hardwoods and two coniferous species 
on an area that, pnor to the studv , had not been grazed for sev eral v can 
(Table 28) 

Under conditions of the studv, a few species of low stature were 
killed bv brow sing the first v car, others vv ere greatU vv eakened Trees 
up to 15 feet tall were dcsiroved In being ‘ ndden down and de- 
foliated Killing of the more palatable uccs would presumablv favor 
invasions of species not browsed Unfominatclv , several of the palat 
able trees arc superior timber species 

Studies (44) m the mountains of North Carolina csscntiallv verified 
those reported above Here grazing m the hardwood forest is gen 
erallv destructive If these lands arc stocked smctlv m accordance 
with the amount of palatable heritaceous vegetation, mjurv to tree 
growth mav he slight, but grazing ma) not be worth the finanaai 
risk (10, 27) 

Longlcaf pine seedlings and saplings are often damaged b\ "razor 
backs" or pmcv -w oods hogs Such damage is heav lest on the less w ell 
drained soils around rural settlements, where each animal mav destrov 
between 200 and 400 pme seedlings per dav (50) Hogs chieflv seek 
the luscious conex of the mam taproot but often chew off voung seed 
lings ar fhe ground lev el (46) Tbev d2msge or destro} psne saphngs 
5 to 15 feet tall Fencing longlcaf pine lands with woven wire is the 
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surest safeguard against injury by hogs. Slash pme reproduct.on rs 
not damaged by these animals. 

Benefits to the Forest from Grazing 

Benehts from livestock grazing may damlg" 

exceed the damage by aiding reproduction an livestock m- 

In the Douglas-fir region of decreasing competition 

crease reproduction by planting seeds a y 

TABLE 28 

Dre.ee or Cavree B.cws.ao or Ha.owooos la me ArraeacHiaa Reo.oa or 
Western North Carolina 

Percentage oj Accessible 

Species 


Foliage Eaten 
1941 1942 


Yellow-poplar {Ltrioelen^ron tuhpi/cra) 
Black locust {Robtnia pstudoaeaetd) 
Ash spp) 

Sourwood {Oxydendrum aHioretim) 
Sweet birch {Betula lenta) 

Sassafras {Sassafras albtdunt) 
Flowering dogwood {Comus flonda) 
American chestnut {Castanea dentata) 
Chestnut oak {Quereus montand) 
Scarlet oak {Quereus cocetned) 

Black tupelo {Nyssa syhatica) 
Blackjack oat {Quereus manlandica) 
Hickory {Carya spp.) 

Red maple {Acer rubrum) 

Pitch pine {Ptntis rigida) 

Eastern hemlock {Tsuga canadensis) 


98 

95 

90 

90 

80 

65 

50 

20 

10 

1 

1 

1 

1 

0 

0 

0 


25 

95 

90 

95 

80 

65 

25 

15 

5 

1 

1 

1 

10 

0 

0 

0 


"ith herbaceous plants (2-?). In the grazed than 

lumerous after a good seed year on heaMls gia 


generally more numerous after a good s > 

TO lightly cropped or protected areas (- , In die south- 

m the following years or the , „utunm aided planting 

eastern pine forests, trampling by cattle in crazing was 

'«f the seed («); but in z\rkansas. winter and ,^n the 

destructive to loblolly pine reproduction after a l 5 p„er- 

harduood forest of the Midwest, EasL and ou ‘ ’ n,|ght be bene- 
3Uy lu7jrdou!,. On pine lands in tlic Somhens . g • 

iti preventing invasions of hirdnoods. from reducing 

Hic greatest benefit to the forest from /c 39, JV, -f-f). 

the fire ha7_ird by removing inflammable ^ lines On 

bncstoclv trails and driveways arc used cflcctiscl. 



448 


TRCr PROTECTION AND USE OI SUI LTLRBELTS 


some forested areas gracing has ipprcciil>!> reduced the cost of fire 
suppression 

Conclusions of Studies 

Studies on forest and woodland grarmg have resulted m two sets of 
conclusions those that appU gcncraHv and those that appl> on!> to 
certain regions 

Conclusions o4 GrNtn\L An i icatios 
In some localities fault\ grazing has caused destruction of >oung 
timber reproduction and dcfomiitv of saplings Tl\c degree of m;ur) 
depends on the kind of stock, topographic features, season and degree 
of grazing, character of forage and the wax the animals ire handled 
Goats and sheep arc most desinictuc to coniferous reproduction 
Goats should be eliminated where reproduction is desired, and grazing 
b\ sheep should be light during critical reproduction periods Damage 
to >oung trees is unaxoidabic on much used drixcwaxs and trail* 
Where possible, traiel routes should be located where timber is sparse 
or inferior and where the\ w ill serx c best as firebreaks 

Conclusions of Rfcional Application 
In the Pacific Coast, Inland Empire, and Intermountain Forest regions 
damage to reproduction bj Inestock grazing is seldom serious xihere 
range management is good As a general practice, the forage should 
be grazed before ic becomes drv and unpalatable 
In the Southwest where grox\th conditions arc more sex ere sheep, 
if the) are causing heavx damage, should be excluded from cutoxcr 
areas until the reproduction is xicll established Tins maj inioKc a 
period of 15 to 20 xcars Sheep should also be excluded for 2 to 5 
years where established reproduction is inadequate but where manx 
)Oung seedlings occur Sheep do not utilize satisfactonl) the coarse 
or harsh bunchgrass range, such as Arizona fescue {Festiica arii^omca), 
of this region consequentlx thex will usually browse extensix eh upon 
the timber reproduction Their exclusion from such ranges is there 
fore desirable This kind of range is emineniK suited for cattle and 
horses xxhich injure the reproduction but little 

On )oung, western, coniferous plantations no livestock grazing 
should be permitted until the trees are w ell established On aspen lands 
cattle should be substituted for sheep for about 3 vears after clear or 
heavy cutting 

Midwestern eastern, and southeastern hardwood forest and wood 
lands should gencrallv not be grazed b\ cattle sheep or ho^ if 
maximum and continuous supplies of wood are to be produced 
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Shade Trees and Shelterbelts on Stock Ranch and Farm 

No ranch or farmstead headquarters is incle- 

trecs and one or more shelterbelts to protect the “ck frc^ me e 
ment weather when in a feedlot or corral. Shelterbe ts are also me^l 
along pastures and cultivated fields to minimize t e jj 

dt>.ing winds. Shelterbelts or shade trees located to 
stock from direct exposure to ^“""5 t m ^gge 
same amount of feed than on exposed areas ( , obtained 

of the property is enhanced, and considerable returns can be obtained 

from posts, poles, rough timber, and fuel.* renions 

Early seulers in the Great Plains and parts of the 
planted trees for two special reasons: to make ' ^ ° ,.,!lT,fort of man 
attractive; and to temper the effects of weather or t j j ^ 
and his animals. More recently ob,eetives of shel^ 
been: (1) to ameliorate drought conditions; (-) o P 
livestoyfrom severe weather; and (3) to reduce dust storms (a3, 46). 

Climatic Effects of Shelterbelts 
The influence of shelterbelts, also called windbreaks, on 
has been studied mostly with respect to precipi > 
moisture, evaporation, temperature, and wind ve oci y. „ of 

it is d^ibtftil that shelterbelts, or even 
seasonal precipitation (2d). Zon (SO) and others 
that tree stanL do increase precipitation; but /“Xomal 

only crude measure of rainfall, absolute ° oiore effective 

areas has not been possible. But shelterbelB other climatic 

wse of the precipitation by vegetation through tempe g 

“sheherbelts increase the relative air '^^oddssTStem Unhed 

tents and uind velocity. In hardwood forests of 

shelterbelts apparently 

* Where trees cannot be prown conveniemb', or sshcrc slud j. nwally of 

"aihoi., deUt. artificial shade shelters may be bn.lr ' ' ..abanired 

"ooilcn hr, aids laid close rogether. » nod slats eo'et' anppnited by heaiy 

''•W nRtal. i, placed almnt 10 feet from the ground on |0.sts 1 1 
Ros'i let securely in the ground. 
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\elocit>, height, and densitv of the trees, and distance of the protected 
area from the windbreak (I) Howe%er, their greatest usefulness 
seems to be the increased accumulation of snow between the shelter 
belts and in the reduction in wind \e}ocit> 

Windbreaks cause onlv small temperature changes— a shghr drop in 
summer and perhaps a slight nse in inter (Jf?) Tree sheltered areas 
increase the efficiency of feeds ingested bt livestock compared with 
that taken on \v md exposed feeding grounds 
The moderating effects of shelterbelrs on weather he chiefl> in re 
duemg w md movement The effect on w ind of a shclterbelt of fiv e or 
more tree row’s may he felt 100 feet or more on the w mdward side and 
up to 1500 feet on the leeward side Protected fields are less subject 
to svind erosion, the> lose less soil moisture, the crops are less subject 
to damage bj high winds, and the jtclds are higher (/, 33, 46) 

Est\rusi!ment of Shclterrelts and Shade Trees 
The species of trees most suitable for crop and livestock protection 
m the different sections of the United Scares \ avy according to climate 
and soil It IS advisable to buv the seedling trees from an agenev that 
produces stock from locall) grown seed (27, 32) Table 29 lists the 
more widelv useful tree species m each of the seven climatic regions 
of the United States (Fig 9>) The x s indicate the regions in which 
each species is well adapted, the letters^, P, and C refer to the divisions 
of Regions I and IV of Fig 9^ Before undertaking establishment of 
shelterbclts, however, the landowner should consult with the local 
state or Federal agenej regarding species to use, planting methods and 
care of the trees 

ShelterbeUs that arc established on farmstead or ranch headquarters 
should be located on the two sides of the buildings and feed lots that 
are exposed to the prevailing winds, iisual!> the north and west 
(Fig 97) Best protection is obtained b\ placing the mside row of 
trees not more than about 200 feet from house barn, and feeding v ards 
The tallest trees should form the center, and the low, hard> shrubs the 
outside rows (Fig 98) Bates (/), however, concluded that the maxi 
mum consen anon of moisture for the benefit of crops is obtained w hen 
tall belts with three to five rows of trees arc established rather than 

heavj’ belts such as would result from plantings made according to 
the demonatration m Fig 98 This point needs further verification 
Trees should nev er be planted m sod (17) The ground should first 
be plow ed and the v oung trees should be set out soon after frost leav es 
the ground Shrubs mav be spaced 4 to 6 feet apart m the rows and 
trees 8 to 12 feet Care must be taken to place the seedlings at the 
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Region 

Tree Species 

I 

II 

111 

IV 

V 

VI 

VII 

Chokecherr> {Prut:us cirgtmana) 




A 

X 


X 

Common linden {Ttlia vulgaris) 




4,B 

X 



Cottonwood {Popttlus delioides) 





X 



Green ash {Fraxinus pennsyhaniea var. lanceolata) 



X 

d,B 




Honey locust {Gleditsia inacanlhos) 







Lombard) poplar {Populus nigra var. ilahca) 

Mulberr) [Moms alba) 




B 

X 


X 

Native white ash (Fraxinus amtricand) 




A 



X 

Norwa) maple (Actr platanoides) 

Osage orange (Toxylon pomtfera) 

Red maple (Acer ruhrum) 

Red oah (Queretis rubra) 




B 

X 

X 1 

i. 

Ru'snn mulbcrrv (Mortis alba var. tarlarica) 

B,C 


X 

A,B 

X 



Siberian elm (Ulmus pumtla) 



X 


X 

Sugar maple (Acer saceharum) 





X 

X 

X 

White oah (Quereits alba) 

Yellow poplar (Lirtodendron tulipi/fra) 






X 


Tall Shrubs 








American plum (Prunus amtneana) 




A 




Buffalo berry (Shfpherdia argentea) 




A 




Caragana (Caragana arborestens) 

Desert willow (Chtlopsts Itneans) 




B 



X 

English hawthorn (Crataegus oxyacantha) (coast) 
Russian olive (Eleagnus anguslijolta) 



X 


A 

X 
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SmoE Trees ^nd Shelterbelts on Cle\red Land 
In nian> localities li\ estock grazing is an important temporarj use on 
cuto%er forest lands On areas selectncK logged, ample trees are left 
for shade Conser\ ant e grazing ma) be practiced until the understort 
t egetation is more or less shaded out b\ the trees, usually in\ oh ing 
several jears after logging 



Fic 99 Desirable spacinc of oaL shade trees on a cutover cattle ranee Removal 
of additional trees uotild dinuntsh the grazing value of the area Amadof 
Coifnt>, California 

On all forcst*cleared areas care should be taken to leave sufficient 
shade trees for the stock Spreading hardwoods can ob\iousl> be 
spaced wider than conifers (F»g 99) A suitabh located shade tree, 
or clump of trees, for each 8 to 10 cattle, or the equivalent in other 
animak, is sufficient ^ATiere possible, a stnp of native shelrerbelc 
trees should be left along at least two sides of the pasture to protect 
the forage crop and to afford more uniform distribution of snowfall 
over the area. If too few trees are left the animals ma\ kill them out 
b\ compaction of the soil about the roots 
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Chapter 21 


STOCK-POISONING RANGE PLANTS, 
THEIR RECOGNITION AND 
CONTROL 

A poisonous plant ts one containing a toxic substance which ma) 
cause detnment to health or c\en death of the anmia! that cats ft 
When the result is onU illness the effect is spoken of as toxic, when 
death results the dosage is referred to as lethal {41) Some plants are 
mechanicall> miunous, beciuse rhet irritate some parts of the bodvt 
but these are not classed as tniK poisonous plants 
Large numbers of animals die \carl\ from consuming poisonous 
plants Still larger numbers lose m condition and market salue Ac- 
cording to Marsh (2-#), poisonous plants account for an annual loss 
of 3 to 5 percent of all domestic stock grared on the western ranges of 
the United States, on local areas the figure max rise much higher 
Sheep growers of ^\^ommg for example, have estimated their Joss 
at 14 6 percent in some \ears The percentage loss is about exenK 
distributed among cattle, horses sheep and goats 

Federal and state agencies recognize the economic seriousness of these 
losses, X et the> seem to be increasing Stockmen in most instances 
can prex ent heax x losses bv maintaining the lands in productix e condi 
non bx recognizing the more troublesome poisonous plants and b\ 
keeping the animals off badl^ infested areas during the most critical 
period 

The illustrations presented in connecuon xxith the discussion of the 
more common troublesome toxic species and the precautionarx meas 
ures recommended beloxx should prox e especiallx helpful in minimizing 
losses from poisonous plants 

ControUing Losses from Poisonous Plants 
Grazing animals do not ordinanlv eat poisonous plants b\ choice 
Heavx losses are the exception xihere abundant xxholesome forage i*^ 
axailable Accordmglx, control of poisonous plant losses lies almost 
458 
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wholly in the field of range management {23, 43, 46, 
of plant-poisoned animals on the range is not "bv 

possible. In general, most of the damage to tissues has been done by 
the time the animal shows symptoms of poisoning. 

The following rules should receive due consideration i g 
localities where plant poisoning may occur. Tjpmnvp 

1. Avoid grazing the range beyond its carrying capac * ‘ 
all animals when the forage crop has been properly utihz ( P 

Avoid too early seasonal use of the range. 
the forage is still too short to afford a good bite is “ 

common causes of losses from poisoning. Such treaci . ‘ ^,^1^ 

deathcamas and larkspur often cause exceeding y eavy 
in the spring when thev are most toxic. tnrbors 

3. Do not turn overly hungry animals out on 
poisonous plants. Heavy losses frequently occur i shearing 

turned out after being held in a corral for many ^ 
or when cattle are placed on range after a long s p • 
hungrv animals on a poison-free area before allowing them on pastur 

tss'rss 

part of the range to another and have them we sheen when 

them over areas harboring poisonous plants. Catt e ' 

grazing quietly, tend to select wholesome food plants. 

5. Protide ;; all times ample salt and essential 
deficient in the local forage. Salt tends to prevent t^ . 
aequiting a pen-erted appetite, a rropdition that may 3 nin,als 

consume poisonous vegetation. Provide salt in a orm , . 

tan consume readily If the fomge is deficient ■" P^ 

“Ifier minerals, provide them in suitable form sue i as _-ovjdc the 
local practice in supplying minerals on the ”"8^ . range. 

“"inials with plenty of dean water, propcri.v distributed oior dm mnge^ 
6. Do not place salt grounds on poison-infestct ar • m f, r 
'"g sheep move the hand away from the water as soon “ 
poisonous plants frequently invade overgraze 2 

Select new bedgrounds cad. season and use them for only 
"r 3 nights at a time; or, better still, use onc-night ic . j j f 
-■ Eradicate, whe;e ptaericable. the toxic spaces by 
‘iwnt cutting, or hv die use of suitable chcnucals. Erathwn n 
grabbing has proved feasible on areas where the poisonous 
'.'f perennial growth and occur in well-defined Pj' ^ 

""'rnees the livestock saved in a single year have paid for the 
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grubbing dense patches of larkspur or of pulling uaterhemlock from 
wet soil {44) Spra>ing with 2 4 D or some such seiccme substance 
IS still m the e^pc^lITlenlal stage In Utah 2 4 D pro\ed more or less 
effectue on some species of locos and on waterhemlock sneezewced 
and lupine but not on tall larkspur halogeton ‘ and milkweed (46) 

8 Where the cost of eradication js prohioitivc or impracticable 
fence rvell defined patches of poisonous plants to prevent grazing 
Such protection greatlv favore recsrabltshmcnt of the forage plants and 
sometimes results in practical!) replacing the poisonous species 

9 Graze the kind of stock that is not poisoned by the plants present 
Stockmen who have only one kind of livestock should avoid grazing 
badly infested portions of the range until the most dangerous season 
has passed 

10 Do not reU on treating poisoned animals as a solution to the 
poison plant problem \et the help of a veterinarian is definitely 
desirable where poisoning is critical Pending technical help remove 
the animals to a poison free area prcfcnblv where the feed js succulent 
and laxativ e such as a fresh alfalfa ^cld 

The Biochemistry and Physiology of Plant Poisoning 
Information on the chemical nature of those compounds of poisonous 
plants that are physiologically active has proved helpful m minv 
respects A knowledge of what the substance is that produces the 
symptoms in animals has helped diagnose doubtful cases and develop 
effective treatment of the animals (20) 

Although much useful information has been recorded in this field 
more is needed especially as additional plants are added to the poisonous 
list Classification of the poisonous properties m plants is complicated 
because some species may contain several similar poisonous substances 
or two or more quite dissimilar toxic materials {19) 

Plant poisons occur both as organic products and as metallic salts 
the organic products being the more troublesome 

Organic Poisons 

The organic compounds that commonly cause poisoning include 
certain glucosidcs saponins alkaloids tremetol essential oils resinoids 
a few plant acids and fluorescent pigments 

1 Halogeton kno vn botan cally as Halogeton glov eratus and H eanescens is an 
annual that was first d scovered n 1935 on o\ergrazed desert ranges m Utah 
It no \ also occurs on ranges of lo v elevanon n Idaho W > oming Oregon north 
cm Cal forma and Nesada where losses in spring or early fall especially among 
sheep are sometimes heavy TTie po sonous subsunce is an oxalate s h ch is 
largely washed out by late autumn rains makng it less po sonous at that season 
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Glucosides These ore orgamc substances winch 
nith strong acids or alkalis, or some enzjmes >ield ® , 

and a non Lgar compound, nsnall> one related to benzene When t e 
glucos.de Jygddm is hcdrohzed the deadl> J 

Ld IS released m the plant tissue The d 

dalin down to glucose, benzaldeh> de, and > fonnh (Rosa 

aim gdalin glucostde occurs in mam species o t e rose 

eeae and in a few species of mam other 

the enzi me that releases the prussic acid m am, gdahn " "S 

remains relatnely inactive During drought or a nor 

peratures, how ei er, the enz, me emulsm is activate inovenetic 

m a dangerousl, high content of hadrocyanic aci ,n many 

glucosides are the cause of large numbers of Inestock losses many 

“ns%h™on.ns are amorphous ^ 

forming colloidal solutions They produce and sta i 
'“lanySnts containing sapomns are toxm 

actmea {Hyiiieiioxys odorata), pmgue (H of ourple 

^unda), and species of nightshade (Sohmofi) ig stimuhnt is a 
foxglote (Digita/ir furpurea) a well known ^eort 
t'pical complex cvchc saponin The property o j„ti.uction of 
to dissolve fatt, substances appears to account f°t 'he 
the red corpuscles and for reducing coagulation o p,[j-o 

Alkaloids These are complex cache compounds J 

gen and hav mg an all aline reacuon Thev li.pmcs 

such troublesome range plants as the larkspurs ( ^y,„„ifcmis) and 
(Lupmiir), waterhemlocks (C-At), 

tome species of locos {Astragalus) Alkaloids fourths are 

plants belonging to more than 50 families o " ' ,re poison 

herbs and one fourth are \\ood> plants No 

“Ot Some of the more familiar alkaloids are qwii ^ ^ 

the cinchona tree sucoune from tobacco strye ' vio,t ilkaloids 

trydmornnjxownfr, and cflffcme from coffee an Several have 

Y a pronounced phv Biological effect on animals Several 
th^Poutic value , not known 

Tlie phv siological function of alkaloids m p ants i ’ j „,pnrtancc 
h"' tliev ate prohablv not involved in .’" L phots 

appear to he In -products of nitrogen metahohsm I 

tnntainmg them substance called 

tcmctol \fter iiianv vears of stiidv caused trembles 

toieuil anoilv alcohol vv as csohicd from plants tba 
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m livestock and milk sickness m man These diseases appeared during 
colonial times and have long baffled the medical profession (20) Milk 
and butter are the earners of the disease from cattle to man In the 
eastern stares white snakeroot {Etipatomnn m^osuvi) is the poisonous 
plant mvohed m the Southwest ra>less goldenrod (Aplopappus bet 
erophylhis) is the cause of this peculiar disease 
Essential Oils and "Resmoids A large number of plants contain 
the rather indefinite substances occurring stngh or in combination 
known as essential oils and rcsmoids sonic of which cause livestock 
poisoning \ anous encaceous planes contain the highiv rovic andro 
medotoxin which is the active principle in the azaleas rhododendron 
and perhaps the laurels Also the extrcmelv toxic principle of species 
of waterhcmlock {Ciciita) is of this categorv (20 32) 

The essential oils arc volatile and impart a distinctive aroma to manj 
plants hence thev mav either attract or repel the animals The cssen 
Hal oils are not oils m a chemical sense Thc> are grouped into two 
categories The terpenes which are hydrocarbons with the general 
formula C uH ^ constitute the one group and alcohols aldebvdes 
and kev tones which contain owgcn compose the second group 
The resmo ds appear to be oxidation products of terpenes of little 
known chemical constitution The phvsiological function in plants of 
the essential oils and rcsmoids if am is unknown Thev arc appar 
ently b> products of metabolic plant activities 
Organic Acids Certain organic acids occur m sufficient concentra 
tion in some plants to cause livestock poisoning the most important 
being oxalic acid It is a carboxvhc acid which is widcl> distributed 
in the plant kingdom occurring both in the free state and in combina 
tion with potash and lime soda Various cases of poisoning have 
resulted from stock grazing on plants containing large amounts of oxa 
lates notabl) m greasewood iSarcobatimenmculatris) dock {Rw/iex 
spp ) and sheep sorrel {Oxabs spp ) Oxalic acid acts principally on 
the central nervous svstem and on the mucous membranes {40 41) 
Fluorescent Pigments Several plant products of widely diverse 
chemical nature are harmful to range stock hav mg light (unpigmented) 
skin {16 28 4S) St Johnswort {Hypericimi perforaumi) a well 
known toxic pigmented plant that is common on the West Coast m 
w estern Europe and Australia contains tw o phvsiologicallv aettv e pig 
ments hvpericm and h)pcncum red Tjpical injuries to animals 
exposed to normal sunlight, that have consumed plants containing 
such activ e d> es are blistering of the light colored areas of the skm 
inflammation swellhead and sometimes open sores Fluorescent 
pigments react m the presence of light cnergv If the light is screened 
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as p.gnaen:ed sU.n, or 
-an ancient custom in Anbia where bt J 

among horses— the plant pigments are harm ess _«„K,,,cte CNolma 
I„L Sourh.est, agase t "ra, "anJ! have 

lemiM) have caused photosensitization {4 ) and elsewhere 

accounted for stmthr ssnaproms an f , 

FortunateK , most fluorescent-pigmented p natrpd areas 

hence thej cause minor death losses on properly managed 
Inorg\nic Poisons 

Any metal if taken in excessive d”"rr”co“grzed^ 

In recent years metnlhc poisoning has e j 

chieflv because of livestock losses from -'“""J, 
comrannh from molybdenum, but onU only i or 2 

The selenium metal is prevalent m some soi , nij^g enough 

parts per million in the soil covmnMm), salt- 

to kill animals, including man Wild aster ( (Astra- 

hushes (AmpU. spp ), winterfat (Enrtnin 
gdlus spp ), and species of Stttiileya and 

deadly amounts of selenium (21) , ,(5 form 

Selenium poisoning occurs both in a chieflv m western 

Chronic impairment, called “alkali disease, disease is 

South Dakota, W>om.ng, and northern Nebraska ^^Tl«_d.s^^ 
characterized bj loss of hair and bv deform inown treatment 

hcofs (2) Advanced cases will nor respond to any " 

Acute impairment is characterized bv par appetite It 

accompanied b> driveling, impaired visio , acquire tolcr- 

iisualU results m death in a short time Am Administntion of 

-CC to selenium The disease is cnmnlatue^^^ Adimn 
hronio benzene srimulatcs excretion of th p , 
mats have been lost in various localities in a 'J' constituent of 

MoKbdcnuin, in contrast to selenium, is a n , j,], of animals 

plants but neither of these metals is essentia pasture lands 

"ore than a trace of molvbdcnum m the sod ™ „oml.lv 

cause livestock losses On irrigated " ^ ^"'o” „ av mptonis 

1 'use seeded to legumes, cattle in some ,s pmeh scouring, 

cnanctcnstic of moUbdenuni poisoning V) \ccssi%c mohb- 

*^pid emicntjon, and marked change m coat co Pcnio\a! of 

has been noted m the fcccs of emaciate followed 

Jhc affected animals to drs , nonlegnminmis ctuntcd ^ 

" reemerv, though the victims max PnMand mature caitlc 

Btiiviing oa,,!,. arc the most susceptible, hut in Hnc 
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ha\e also been affcaed Apparently onlj rununants are siiscepnble 
Large doses ha\ e been fed to horses and hogs w ithout apparent effects 
Other metals such as tin, manganese, and copper ha\ e been reported 
to occur in some range plants m \V\ommg m suflicjent concentration 
eiidentU to impair iision m cattle, causing ‘blind staggers” (2/) 

Physiological Reactions of Plant Poisons 
Plant poisons rareU affect a single animal organ or a single system, 
rather, most or all bod\ tissues ma\ be injured H\droc\anic acid 
poisoning, for example, mactnarcs respiration and affects all tissues 
with which It comes in contact Organs that function in excretion 
max accumulate higher concentrations of the toxic substances than the 
rest of the bod\ and conscqueniK max be more scnouslx affected 
Tfie liter, kidnexs, nenous sxstem, and certain other tital organs are 
often most scnouslx damaged Strong acid and alkali poisons arc cor- 
rosne and destroy local tissue 

The coMCTtx of a poisnn depends m part upon the relative rate at 
xxhich It IS absorbed and eliminated Volatile poistms, like prussic acid, 
are rapidlx absorbed and speeditx excreted, hence animals recox cr 
rapidlx from nonlethal dcjsages. Slovxlv soluble substances are absorlied 
gradually, qmcklx soluble substances rapidlx Therefore, a toxic plant 
substance max be onK mildlx or not at all poisonous in one form or 
stage of plant grouth, and virulenrix toxic m another The lungs, 
skin, kidnex s, lix er, the mucosa of the abmentarx canal, and mifk glands, 
all function in the elimination of poisons If a poison is absorbed 
readilx and eiimmatcd sloxx Iv , it ts said to be a cumulatix e poison 

The toxicit> of a particular plant species xanes with the habitat, its 
groxvth stage, and the part eaten The leax es of the tall larkspurs max 
be xerx toxic when xoung but Jose much of their toxicirx after the 
plant blossoms, but the seeds, which arc rareU consumed, are quite 
poisonous The rootstocks of w aterhemlock arc far more poisonous 
than the tops (22, 2-f) 

The susceptibility of an animal to poisoning also x anes Thus lark- 
spur causes poisoning among cattle but not among sheep Both cattle 
and sheep are poisoned b\ deathcamas, but sheep suffer much the 
heaxier losses, because thex find these plants more palatable The 
foraging habits of animals ordmanlx protect them from manx poisonous 
pbnts Marsh (24) found that horses can be killed bx larkspur, bur 
on the range thex seldom if cxer ttke a lethal amount Animals m 
good flesh are seldom poisoned when grazed on good range The age 
of an animal often influences its susceptibility to poisonous plants. 
Large or older animals arc usoalU more resistant to poison than small 
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0 . „ ones, as 

unit n eight may be larger m niseased or starved animals are 

difference m size is chiefly due to a condition, and females are 

usually less resistant than those m go ^ excitement in- 

frequently more susceptible than males Exertion 

crease susceptibility to poisons classed into tolerance and 

Resistance of animals to poison max endure poisons 

mmmmty Tolerance is the impede dissolution 

Natural tolerance may be due to con effect chemical changes 

and absorption of poison, to the capaci^^^ acuvity m the fixation, 

m the gastro-intestmal tract, or CO b ^ Some degree of 

modification, and elimination of ’ r .Uyndant, 

tolerance may be achieved bv a protect.xe diet of abund 

foiKEc (23) , , to the resistance of animals to 

Immunity is a term primarily app -_nlied to resistance against 

infecting organisms The tcrniis gcneralh ap^> 

the toxic effect of a foreign protein \vi _ toxins, appar- 

tnely fexx plants produce poisoning a Castor 

cntlj none of the native poisonous p cRohmia oseudoacacta) are 
bean (Riemus connimms) and black loc ( phnts enters the 

exceptions If a small quantity of 

blood stream and some time is alloxx , 1 . /at) But, if the first 

exposure, the animal will undergo ' followed several hours 

small amount of the toxic protein ’^oXtr time inters als, 

later, let us sa>. In a senes of dosages at Vh.s reaction 

the blood serum xxill precipitate , | building up of anti- 

will proteet the animal from .n,urj' through the hu.iu g 

bodies betNveen dosages 
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can \omit’ Diuretics ma> also aid m recoierx Strong tea wav be 
used to precipitate aikalaids In addiaon, [here are specific antidotes 
for counteracting the effects of some plant poisons 

The Primary Poisonous Species 

More than 500 species of poisonous plants occur in the United States 
According to Da>ton (i) the four families embracing the greatest 
number of toxic species arc, in order pea, legume, or pulse famil) 
(Legummosae), buttercup famil> (Ranunculaceae), composite or sun- 
flower famiK (Compositae), and the spurge famiK (Euphorbiaceae) 
Of the manv species imoUed, relatneU feu inflict senous In estock 
losses The plants that take perhaps the heaviest annual In estock toll 
in the United States are species of the following groups loco pr craz\- 
weed, larkspur, lupine, deathcamas, St Johnsuort (also called Klamath 
weed), waterhemlock, mbberweed, sneezeweed, milkweed, grease- 
wood, goldenrod, horsebrush, and certain prussic acid plants The fol- 
low mg accounts present the more salient facts pertaining to these plants 

Loco {AstragaUis am> Oxytropis) 

These are undoubcedb the most destructne poisonous plants on the 
western range Each >ear the\ kill large numbers of cattle, horses, 
sheep, and goats The hcaiiest losses apparenth occur m the Great 
Plains and Rocks Mountain regions 
Loco plants occups all life zones and various habirats from do 
deserts and grass) foothills to open mountain lands The name “loco” 
meaning crazv, is of Spanish ongin 
The species of Astrap,alus and Oxytropis arc perennial herbs belong- 
ing to the pea (Legummosae) famiU The> are cioselv related genera, 
differing onlv in the keel of the flower, which m Oxytropis is pro- 
longed into a distinct beak Although manv members of these genera 
are poisonous, three species arc especialU dangerous (2-f) niej are 
purple or woolh loco (Astragalrts vtollasnmis) (Fig lOOA), which 
occurs from South Dakota and Mexico westward to M'voming, Colo- 
rado, and Arizona, white loco, ranlcweed, or crazvweed (Oxytropis 
Ixiirhenii) (Fig lOOB), which grows from western Minnesota to Mon 
tana and southward to Anzona and Mexico, and blue loco (Astragalus 
diphysus), which is most common m western New Mexico, Arizona, 
and western Nevada In Cahfoma. woolK -leaved loco (Astragalus 
leiicopbyllus) (Plate 1C) is one of the most troublesome species 

* Horses and other equine spcacs do iwit vonut Rununants— canJc sheep, 
goats— can eliminate imtaiinp sut>stances from the stonuch hj vomiting but rareh 
do \'’omitinit ts common among cats, dogs and hops. 
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Loco plants can poison animals in '-^0"= 
poisonous and cause death m a death. Some species of 

a long period before they cause illn -.ipniferous soils, often 

AsnLL absorb selenium rvhen they grow in selemferous 
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in concentrations strong enough to produce ‘ Wind staggers’ and “alkali 
disease” in range stock (2i) Animals poisoned bv such plants mav 
die in a short time 

The more t% pical s\ mptoms of loco m horses and cattle, though less 
pronounced in cattle, are dullness and weakness, dragging of the feet, 
a )erk> and uncertain gait, shaggy coat, poor e\esighc, nenousness 
and peculiar action, sh\mg at familiar objects, and constipaaon 
Locoed horses are dangerous to nde The s> mptoms m sheep are 
much less marked The poison is cumulawe 

Poisoning IS most common m carl) spring where grazing is per- 
mitted before much growth has been produced Keeping the range 
in good condition and ha\ing ample palatable forage at all times is 
the most feasible means of coping with the locoweed problem Some 
locos are habit forming, and diseased ammals should be remov ed from 
the range before the\ induce other indwiduals to eat these plants 
The affected animals should be placed on succulent laxam c feed and 
marketed w hen m a proper state of flesh 

Larkspur {Delphtmimi) 

Larkspur kills more cattle on western mountain ranges than an) 
other genus of plants except the locos OnK a few instances of poison 
ing hate been reported from the eastern states Larkspurs belong to 
the buttercup (Ram/nct/Iaceae) famiK and when m bloom are readilv 
recognized bt the conspicuous spur of the upper sepal of the flow er 
The colors of the flowers t-arv through shades of Molet, blue, and 
purple Two categories are customanh considered tall larkspurs and 
low larkspurs 

The tall larkspurs grow from 4 to 8 feet high and commonl\ occupv 
moist sites throughout the western mountains, where the\ often form 
dense stands ■Tlie\ bloom during the summer months and do not die 
down until the> are broken b\ earl) autumn snows The lea\cs of 
tall larkspurs lose much of their poisonous properties after the flow ers 
appear (/), hence poisoning occurs in the spnng and earh summer 
(34) Tall larkspun are exemplified b\ Delpbmirm barhen, a wideh 
distributed mountain species (Fig lOOC), and b\ larkspur (D CaU- 
fomicinn, Plate 2B) 

The low larkspurs, which grow from a few inches to 2 feet talk 
occupx a ^a^et^ of habitats and occur m lesser densm than the taller 
forms (10) Thei appear in the spnng immcdiateh after the snow 
recedes and grow more rapidK than the grasses The blossoms appear 
earU m the season, and the pbnts are dned up b\ midsummer, conse 
quentl), most poisoning b> low larkspurs occurs dunng the spnng 
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™„,hs up to June, despite tlte fnct that they — 
aell after maturity. This group rs comln 

(Ddphhmnuviaiziesii), a highly Alberta southward 

over an extensive region from British C 

to California and New Mexico. r*rinrin\es. namely, 

Both groups of larkspurs larkspur a cow 

delphmm and other similar alkaloids. developmental stage of 

must consume to cause death depends on 

the plant. . , fnlline followed 

The first symptoms of larkspur poisoning =>f‘= ,vill 

hy intensive straggling. If the dosage is no further effects, 

rise in a few minutes and walk away without s followed by 

In lethal cases the animal will fall repeatedly. 

prostration, vomiting, and death. ,.„nnmins scattered 

To prevent larkspur poisoning, the larger ““f, g„bbed 
stands of these plants may be fenced. Sma er p sometimes 

ont. Sheep are not affected by P^'^he danger of cattle poi- 

employed to graze off infested areas y‘>- , ., ),e plants have 

soning is greatly reduced if grazing is deferred unu 
I'locimed. 

Luimne (Lupinus) ^ 

Lupines are members of the pea (Legurninosae) fa another. 

Etnus, and the species are not easily distinguis alternate 

^ey are mostly herbaceous and may be j, j^apad corolla, as 

and palniatelv compound leaves, by the utte ■ They occur 

'n the sneet' pea, and by pods that are several-seedeo. . 
tommonly throughout North America. should be regarded 

Not all species of lupine arc poisonous, “ high as 

''■ith suspicion until known to be harmless.^ ^ nccasionally also 


‘'ot ail species ot lupine arc f^;dy lugii as 

''■ith suspicion until known to be harmless. occasionally also 

'ntage. Lupine poisoning mostly affects s 'cep, summer 

'^'de, horses, goats, and hogs (af). developed, are 

and fall, since the seed-filled pods, which are 

particularly toxic (7, 44). , . , ,,.nresentative of the 


■nicularly toxic (7, 44). . , representative of the 

firassland lupine (hnpimis iaxifonis) is a 1^”^ ... r;oiumhia south- 
gcniis (Plate 2E). It occurs from Montana an ™. pdes, it forms 
"ard to Arizona and California, where, in man. 

Puher dense stands. , . . mainlv lupinin and 

‘ tie toxic substances in lupines arc a 'a oi , plant bur arc 

'"P'nWin (35). These suhsranees occur throughout the p 
"ion concentrated in the seed pods. poisoning are labored 

most conspicuous symptoms of lupmc \ 
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breathing and later coma While still conscious a poisoned sheep mil 
usualK froth at the mouth and run about m a frcn/\ , hutting against 
an> available object In lethal cases the animal goes mro convulsions 
with legs extended rigidh 

The best vva> to control losses is to keep the animals awav from areas 
known to harbor poisonous lupines, espcciallv after the seed pods have 
formed, and to provide plentiful wholesome feed 

Dfvtiicamas (ZfgadcTn/t) 

These plants belong to the Ills (Liliaccac) familv Tliev are slender, 
grasshke herbs, with smooth, inostK basal leaves, erect stem 4 inches 
to 314 feet high, and fibrous bulbs that arc situated 2 to 8 inches 
m the soil Tlie small, greenish or \cllowish white flowers are borne 
on racemes 3 to 10 inches long Meadow dcathcaims, pictured on 
Plate 2D, gives a clear idea of the appearance of these plants 
Although numerous species of deathcamas occur m the United States, 
their importance as poisonous plants is restricted largel> to the region 
through the Rockv Mountains westward to the Pacific Coast (“fO) 
Death losses from the plant are small for cattle and horses but often 
heav) among sheep, notablv in California Oregon, Nevada, Utah, Colo 
rado, Montana, and Wvonung (3, 9, 22, 23, 27, 33) 

The mote conspicuous svmpioms of poisoning b\ deathcamas arc 
frothing at the mouth, nausea with vomiting, nervousness, great weak- 
ness, and finalU collapse of the animal A sheep ma\ he for hours or 
even da)s before dying The poisonous substance is an alkaloid, ziga 
denm A nelativelv small quantiiv of the plant will kill a sheep 
The best way to minimize losses is to prevent sheep from eaong 
lethal quantities of the deathcamas Too earJv seasonal grazing and 
too close cropping are associated with hcav\ sheep losses Eradicanon 
of these plants is not practicable Herding sheep away from infested 
areas and grazing such units with cattle arc possible solutions 

St Johnsvvort {Hypericimt perforatiwi) 

Although St Johnsvvort is not widespread, it is included with the 
pnmarv poisonous plants m order to i\pif\ a distinctive though small 
group of toxic species 

St Johnsvvort— called Klamath weed m California— is a European 
exotic that causes photosensitization and dermatitis m animals hav ing 
white or unpigmented skm Cattle, horses sheep and goats when 
feeding upon St Johnswort dunng bright sunnv davs are affected, 
chieflv up to the blossoming stage of the plant {28) Because this w eed 
IS not highlv palatable it causes few deaths The chief losses consist 
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of the low condition of the animals affected and the crowding out of 

It is an erect perennial 1 to 3 feet high, \\ it i runn ‘ cymose 

leaves are stemless and oblong. The flowers are , , ^ j ^ jots 

clusters, the petals, as well as the leaves, hav.ng f ; L 

near the margin (Plate 2C). This weed has spread 
in California and Oregon, and smaller infestations PP j 

Idaho and some adjoining areas. It occurs in lesser abundance 

'Ttox^principle is caused by two "“““ftvdS'dSd" 

ataanimaTs develop" rapW pl“and'respiration, high temperature. 

and a tendency to diarrhea. of infested 

Prevention consists of reestablishing the ■ g . ^^d rota- 

ranges. This may be accomplished by sodium chlorate 

tion grating, spraying infested lands “^omrol ^ mseets, 

or other suitable herbicides, and by biolog initial ex- 

followed, perhaps, by reseeding on the stronger si e . 

Periment in this country of controlling a California 

insects was undertaken in 1944, when , Chiysolhtit 


— '■« 'Vila unuciTUKcu III 1744, when ^ ® beetles Chiysolhjit 

'^ported from Australia two plant-attac 'ing ' imported 

hperici md C. gejiiellata. The original Aiistra la , Johns- 

'romttestem Europe. These beetles feed evc.nsive.yjjnSU^^ 


from western Europe. These beetles feed e ^^P^^ patches of 

"Ott. To date, in California, their destine i beetles were 

plant is impressive. However, a few' years declining 

'uttuduced the older and denser stands of St. Jo in reestablishment 
tompicuously. This succession has strongly perennial for- 

“ California oatgrass {Danthonia califonnca) a . control of 

asp plants. Although the introduced beetles a e ‘ succession, 

plant, its decline through the phenomenon o tbe 

afttt a half century of extremely vigorous growth, appea 
P'imar>- factor in its decline. Infested range heavily, 

safe precaution is to avoid grazing the blossomed, after 

aspacially svith sheep, until St. Johnssvort plants have blosso 

' 'ah they are of low' palatability- 

W.VTFBHFMLOCK (CicilW) AND PolSONlU MLOCK 

„,^''',"'aterhemlocks are the most poisonmis, but distributed 

aln'’ ^’“ttb America (tf, a2). They ar United States. 

"5 streams and in marshv places throng lou hichlv poison- 

arc chiefly among cattle (H). Watcrhemlock is high . 
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ous to sheep, but these animals sustain few losses, since they avoid 
grazing upon wet or marshy lands 
The waterhemlocks belong to the parslev (Umbelhferae) famiK 
Thev are branched perennials with hollow stems 2 to 6 feet high 
arising from rootstocks The rootstocks have a central hollow space 
divided b> cross partitions that form distinct chambers The small, 
white flowers are m compound umbels Douglas vv aterhemlock (O 
cuta doiiglasn), pictured in Plate lA, gives a clear idea of the appear- 
ance of these plants 

Waterhemlocks are poisonous throughout the year In the spring 
the voung leaves and stems are virulentl) poisonous Later, the abov e 
ground parts become relam el) harmless, but the roots and rootstocks 
remain highh roxic Losses are common w here cattle trample out and 
cat the rootstocks or when the operator digs or pulls out these plants 
and leaves them to drv where cattle can eat them (J4, 36) 

The wvc substance of « aterhemlock is a hrou n, resinoid substance 
called cicutoxm Poisoning is characterized by v lolent conv ulsions and 
frothing at the mouth In the earh stages of poisoning there is tw itch 
jng of the muscles and quivenng of the bps This is followed bv 
champing of the /aws, grating of the teeth, and continued convulsions 
^Vhcn a lethal dose is eaten death ensues within a short time 

Tlie best means of controllmg losses from w aterhemlock is to pull 
or dig out the plants and burn them Eradication in this wav is not 
too difficult or expensive, since these plants are confined to moist 
patches 

Poisonhcmlock {Coviimi rnactihttmi), a plant closelv related to 
watcrhcmlock, occupies well-drained soils Although it is poisonous 
to all kinds of livestocks its toxicirv is milder than in the waterbem 
locks {44) The tall, hollow stems which have conspicuous purple 
spots, and the disagreeable mouselike odor of the herbage, rcadilv dis 
tinguishes poisonhcmlock from uarcrhcmlock (Plate IB) TIic pm 
sonous alkaloid coniine causes loss of appetite, bloating, salivation, bod 
dv pain, and feebleness TIjcrc is reJamch little danger of livestock 
losses from poisonhcmlock where a good forage cover is maintained 

Ru BBi Rw 1 1 D (Hy wiCTioryx) 

Two spccivS of nibbcrweed cause rclativelv large annual losses of 
sheep and, to a lesser extent, of cattle and goats These plants arc 
bitter nibbcrweed [HyiiKnwxys odoraia), to which the name Actmea 
odorata has been misapplied, and Colorado nibbcrweed (H richard^ 
somt var florilninda), mistakenU called Acimea ncbardsoiui Tlicv 
arc members of the sunflower (Compositac) famil) 
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1 llL. rivii'if'*' » * 

-bb^vd 1. . — ta~;i 

basal stems, alternate, glandular-dottc flQwcrs (Fig. lOlrl). 

have a bitter taste, and numerous bright j r^lifornia most abun- 
It grows from Kansas to Mexico, westvvard to Calitor 

dantlv on overgrazed ranges. i„„i,;i;rv sheep will con- 

Akhough biner rubbersveed is of f “ se numerous 

sume enough of the plant on overutiliz aonetite, abdominal 

deaths. Tte symptoms are loss of condition p or appet. 

pain, a green discharge from the . Control is to build up 

bloating. About the only practical me 

the forage stand and avoid too close grazing. herb with 

Colorado rubberweed, also called pinguc, i ^jgtinctive odor (Fig- 
conspicuous golden-yellow, asterlike no\\ers ‘ Edwards 

lOlB). In southern Colorado, northern ’ j.g frequently 

Plateau region of Texas, sheep losses from this plant 

lieavy (JS, 24 , 42 ). , . jo those described 

The symptoms of poisoning are remark , probably never 

for bitter rubberweed. Losses from t is p range is well 

serious where the animals are properly han either one of these 

managed. Animals showing poisoning symp olaced on a clean 

tubberweeds should be removed from the rang 
area of ample forage. 

Westcrx Snec-zeweed (Hcteiitmi to sheep. 

The danger of western sneezeweed on the Western sneeze- 

ihough cattle may occasionally be poisone that sometimes 

'\eed causes “spewing sickness” m sheep, ^ , belonging to the 

entails heavy losses. The plant is a stout per ^ 
sunflower (Compositae) family. It ■ „ brownish orange, and 

thick, dark-green leafage. The flower is ‘ plant occurs from 
the ray flowers are orange (Fig. Qpd New Mexico, 

'vestem Montana to Oregon, south to Lam elevational 

Especially hea^’y stands are found in centra 

t^nge is between 7000 and 10,500 ,fnMin which in sheep 

The poisonous substance is a glucoside, g- musea, diarrhea, and 
tauses depression, salivation, bloating, wea me , apparent for a 

The poison is cumulative. Its effects being PP 
time. ^ , n moderately m- 

Freventive measures consist of ranges. The 

tested areas and of excluding sheep from hea onc- 

^ftder should be taught to recognize the plant and 
tt'ght bedground system and open herding. 
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Miikwod (/ 4 jc(epMi) 

The m,lUccds ln^c caused heacc J"re’°ako 

areas The losses have been hca\iest m s 

arranged more or less m u horls, and the broi (2g 30 4‘t) 1 " 

eralspecies of both grow th forms are liighU , c j {,y Mexican 

Plate ID, the whorled, narrow -leat ed 8™“? il.^'/iferoccurs from 
"horled milUeed {Ascleptas mexicam) ^ broad- 

Idaho to Washington, southw ard to Mexico A.cleoms erwpoda) 

leaved form, exemplified bv w oolK-pod m.lU mto 

This species is common in California an 

Lower California Both forms occupy moderatelv 

lew to intermediate elev ations, but thev w 1 a ^ i g mhotdes) 

moist, well drained soils Horsetail nil Uveed (^'^P 

IS found m Colorado, Utah, and New -used serious losses 

em Texas It is poisonous to all stock and has causea 

*l'oop , 1 jesin-like substance 

The poisonous principle in milkweeds is a o' ’ am 

of unknown identity It is not destrov ed y ’^,,5 of poisoning 

'ug appreciable quantities of milkweed is a frequ , -055, on and stag 

The first symptoms of milkweed PO-"*"® wh and weak 

swing The animnl has no appetite, an P j^pgj-gmre Synip 
manv cases spasms occur, followed b> eaten Fortunately, 

^oms appear a fe\\ hours after the plant has l^e avoided 

niilkweeds are not relished bv livestock, an P” r extensive rhi- 

abundant wholesome food is available Beca 
monies milkweeds are difficult to eradicate 

Grexsiwood (Sarcobams p„„on- 

This IS a good forage plant on desert ^.Lg leafage is sue 

oils if large quantities are eaten in the spring v g^rred «n ah'®'' 

i-ulent Heavv losses of sheep ha\e ' ,p 29^46) 

deserts of New Mexico, Utah, Nevada, and Ureg J^Tj^’gnopodiaccae) 
Greasewood is a shrub belonging to the 5 °°^^ the slender 

amil) Its scragglv, spinv branches are 3 to pistillate flowers 

"“l" ka.es ./, To 1 .//inches long R bus '’ 4 :''^ ’ ^ ktion is from 
’"‘I Rmunal stoiiunate spikes (Pig lOlD) T'' 

"whington to \lonnm, southward in Cihfotn 
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The poisonous principle consists of oxalates of calcium and sodium. 
Poisoned sheep show low respiration, weak pulse, and depression. 
Poisoning IS likcU to occur onK m the spring. Trailing hungr>' sheep 
at that season through dense areas of greasewood may result in ex- 
tremely serious losses. Prevention consists of keeping the band aw’ay 
from dense areas during the spring months. 

RAXLFiss GoiUFNRon (Aplopappus hcterophyllus) 

The disease known as “alkali disease,” “milk sickness,” or “trembles” 
in cattle has long been known in New Mexico and Texas. In this 
region milk sickness has afflicted human beings through the medium 
of the milk or butter from diseased cows Horses, sheep, and lambs 
are also affected by earing raylcss goldcnrod (jP). A similar disease 
occurs in the central and eastern states and is caused by the animals 
consuming white snakeweed {Eupatontmi rtigpntvi). 

Raylcss goldenrod belongs to the sunflower (Cdmpositae) family. 
It is a tufted perennial 1 to 2 feet high, with altcm.itc leaves and 
numerous terminal heads in flat-topped bunches (Fig. lOlB). The 
distribution b from southern Colorado to the Texas panhandle, south 
to Arizona and Mexico. The fai'oritc habitats are dry plains or open 
w’oods. 

The poisonous principle, tremeto), is cumulative. Cattle, horses, 
and sheep des elop t>'pical symptoms of the disease w hen they cat fairly 
large amounts of the plant. Calves and Jambs are poisoned from the 
milk of diseased animals. 

Livestock eat rayless goldcnrod only when more palatable forage is 
lacking. The disease probably never occurs on ranges that arc in 
good condition. On fenced pasture the plants may be eradicated by 
digging them up. 


’Horsebrush {Tetradyima) 

Horsebrush (Tetradymia glahrata), also called spring rabbitbnish, 
together with gray honebnish (T. canesceni), are the cause of hcavj 
sheep losses m the spring. The horsebrushes belong to the sunflow'cr 
(Composicae) family. Horsebrush is a rigid shrub 1 to 4 feet high, 
with spreading branches which base a mat of deciduous, white, woolly 
hairs. The flower clusters arc yellow’ and terminal (Fig. lOlF). Both 
species arc similar in general appearance. The distribution of horse- 
brush IS from Utah w esnvard to California and Oregon, 

The toxic principle of horsebnishes is a resinlike substance of which 
little IS known. Only sheep are poisoned. Typical symptoms are 
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Stupor, dullness, staggering, and * ^^and'^nose is not 

hours. “Bighead” or swelling of head, neck, ears, 

uncommon {15, 44, 46). . only under 

Smee the palatability of horsebrushes is low, bsses occ 

stress of hunger, as along trails and on =P “ fjona over- 

Prevention of poisoning consists m keep g n,onths. Hungry 

grazed, horsebrush-infested range to areas where 

sheep should be placed on good feed b S 
horsebrushes arc abundant. 

Piiussic Acid Plants 

, - ii„ ..nrelated genera are considered 

In this category, three taxonomicall> U ■ -nj because, unlike most 

together, because they cause similar symptoms These genera are 

poisonous plants, they are palatable “ 35 4 P). 

chokecherries, arrow-grass, and the sorghums | 7 ’which occur 

Species of chokecherry are shrubs or rfriglocUn ■niari- 

throughout the western mountains. Arrow-g occurs 

tma) is a perennial marsh plant that ® j California. Spe- 

from southern Canada southward to New J . grasses, best rep- 
eies of sorghum are tall, exotic, annual or pere Sudan grass 

lesented by Johnson grass {Sorghum ’ pj. hay crops. 

(S. mdsmense). They are seeded for use as P' . enzymes 

All of these plants produce hydrocyanic g Growth con- 

that split the glucosides to produce hydrogen activ- 

toons greatly affect the quantity of glucoside p . sorghum, 

‘ly of the enzyme. Consequently, cultivate bigUy poisonous. 

"hich are widely used as forage or hay, may ec ranee, becomes 

Chokecherry, which is extensively or after a frost, 

“gerous at times, especially during seasons o conditions also but 

. arrow-grass is probably influenced by gro ^ „ nieadows or 

n dangerous at all times. Arrow-grass grows ijnt may 

alt marshes. Being palatable and not readily ' . j ted parts arc 
the value of pasturage and hay unless badly infest 

-en out of use by fencing. . . , .Uese plants, is a powerful 

^>urocyanic acid, the active pnnciplc or F ^ amount 
f'^piratory poison. Its action is extremely *'®P* ’ may cat sub- 

taken recovery is quick and complete. n * periods with 

quantities of one of rhe prussic acid plan. 

'll effects, but if it eats a toxic amount death nhamping of 

ot less. Muscular spasms may be accompanied b> 

and bv hard, audible breathing. -Un-cc is so short that 

fteatment is practicable. The course of illness 
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httle can be done to save the antmals. Indeed, the «« f ^ 
mg has oeeurred frequently is the discovery of dead bodies Amma^^ 
should be excluded from areas that arc badlv infested I > ‘ J 
aud from lands where chohecherrx- is likely to form a part ^ 
feed. Areas of chokecl.erry and sorgluim should be av^ed during 
times of drought or after frosts. Since the tosie s ) ^ 

destroyed on drying, meadow hay that may contain a considerable 

amount of arrow-grass should not be fed. 

The Secondary Poisonous Species 
lu addition to the poisonous plants discussed, many 
cause livestock losses locally. These 
species are presented in Table 30, together wit tie n 
facts concerning them. Several of the more ‘ J“tant mMc^spec.es 
of the eastern and southern regions arc included. ^ 

species discussed under the heading of primary poiso 
not listed in the table. 
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Chapter 22 


FORAGING AND PREDATORY 
WILDLIFE OF THE RANGE 


Before the adtent of domestic livestock on the ranges of North 
Amenca, the population of wildlife was prcsumablv in close balance 
with the forage supplv Although herbivores consume much forage, 
them numbers are ngidU controlled at times b\ canuv ores, droughts, 
and diseases (//, 22, SO) 


Big Game Mammals 

Although the greatest monetan returns from w ildlife arc obtained 
from hunting, the esthetic appreaacion of these animals is their greatest 
asset. The usefubess of a well vegetated landscape is greaih enhanced 
b\ the presence of wildbfe Knowledge of big game— their numbers, 
what thej eat, and hovv the> nu> affect other mterests-is imperacire 
to successful management of manv livestock ranges and other wild 
lands. 


Bra Game Populatioss 

Probablv no contmenc has supported as man> big game mammals as 
North Amenca (Table 3 1 ) 

Onginallj , Amencan bison, because of their size and numbers (-#7, 
48)^ were the heaviest consumers of forage, deer ranking second, elk 
and antelope third and fourth Most big game animals spend the 
summer months m mountainous regions, notablv on the national forests, 
and the winter penod m the lower countrv (Table 32) Fairlv large 
numbers of big game are also found on wild lands of other ownerships, 
including pnvateh owned properties (Table 33) 

State and private lands, with their large numbers of white tail deer, 
support the largest number of cow unit equiv alents and also the greatest 
popubnon of big game The national forests are second followed 
hy the grazing-dismct bnds, national parks. Fish and Wildbfe Servi'-e 
lands, and Indian lands The total of 1,054 560 cow umt equivalents 
of the game, when multipbed b> 12, gives the approximate equiv alenrs 
4S4 
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of 12,654,720 cow-months. But many plants eaten by the game animals 
are not grazed by livestock; also the game species may have a different 
digestion coefficient of the forage than domestic stoc 


TABLE 31 


Estimates or Original, Lowest, and 1941 

Mammals in the United States (27. 28, 37, 38, 46) 
Lonesl Level 

Original 
Populations 
(about 1700) 

60,000,000 

35.000. 000 

40.000. 000 

13.000. 000 

10,000,000 

750.000 

100.000 
100,000 


Big Game 


Animal 
American bison* 

Pronghorn antelope 
White-tailed deer 
Black-tailed and mule deer 
Elk (wapiti) 

Desert and mountain sheep 

Mountain goat 

Moose 


* Scientific names of the antmab referred to are given 


Populations 

and 1941 

Year of Estimate Populations 

541 — 1887 4,900 

7,500-1920 199,000 

1 000,000— 1920 3,805,000 

*500,000- 1909 2,284,000 

52.000 — 1920 237,000 

10.000 — 1920 15,000 

6,000— 1918 16,000 

6,000 — 1918 12,000 

at the end of the chapter. 


Foraging Habits 

Foraging habits of the available plants are 
management of any big game species or in studying ^ ^v_n„iedEe 
food with domestic stock (45). Particularly necessary is a knowledge 


Year 

1925 


1935 

1940 

1945 


TABLE 32 

Numbers of Domestic Livestock and Big Mammals o 

National Forests, 1925-1945* 

Cattle 


and 

Horses 


Sheep 
and 
Goats 

1.596,846 6,182,058 
1.338,703 6,546,460 
1.344,318 5,691,086 
1.176,991 4,949,196 
1.206,227 3,888,830 


Prong- 

horn 

Antelope 

7,568 

11,142 

16,598 

20,000 

30,000 


Deer 

605,964 

877,780 

1,291,329 

1.813.000 

1.996.000 


Elk 

72,165 

88,214 

117,916 

154.000 

160.000 


Moose 

6,061 

7,764 

6,186 

7,500 

9,600 


Moun- 

tain 

Goat 

17,887 

21,866 

18,511 

19.000 

20.000 


Big- 

horn 

12,052 

12,496 

12,924 

9,600 

9,900 


H. S. Dept. Agr. "Report of the Forester," 1926-1946. 

“f the abundance, accessibility, and 'jg/named, are 

^ 'vestem range deer, elk, and antelope, m domestic 

probably the ch^f big-game competitors for forage w.th domes 

■"■«tock. 
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Conversion equivaJents taken 
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Forage Preferences of Deer The food of deer as most othe^ 
foraging animals, varies w ith season and localita ej p 

many species of forhs as sheep and the foliage, tav.gs, and fruits of 
many species of trees and shrubs -is sheep an goats co ^ 

In California (77, IS, 41, 42) during at inter ^ 

consume species of filaree (Crodnmi), closer 
{Rimtex), knottveed (Volygovinn), thistle 

[WyethM) bracken fern (PternfnoH), and mam °ther fo 

spring they enc large amounts of grasses and grass i ^ P fescue 

(BroLir Lius), ripgut (Brorm/r ngito). b negrass (Po W 

Leafage of mature, drt grass or sedge is not ^ , Several 

of some species are eaten Brottse is cropped at a s 

species of Ceanothm are utilized extensivel) , most \t y edgeleaf 

ceanothus (C cimeams) at all seasons Bi nrovide 

demata) and mountain misery (Cbmmebatta f IRtbes 

choice ttinter brotv se Other useful brottse plants 

spp) dogtvood {Comm spp ), jumper j (CcrciJ 

mahoganf {CercLrpus spp). oak (0»er.« spp).^-dbud (Cer.t 

occidenfalis), serticeberrt {Avtelancbier spp), on burns, 

spp) ttillo. iSoU. spp ), wild cherry 

toung crottn sprouts of such plants as cham ( other woody 

fatimi) {40) manzanita {Arctostapbyios spp), 

&!u,hwe«. ..p.n (toP'''"- 

w *p > 

... N, .i." !». "rdU”.i 

diversified food habits as elk Where atai a ’ .... When 

cashes provide the greater part of their foo ^ ° penods 

snow cov ers the lotv grow mg vegetation elk tv 1 

on browse Western aspen, birch (Bcftdn spp ), , 5 ^ where 

a>all> sought («) Their great reach permits elk to subsist 

competing deer might starve .-nmnetc sliarph 

Since elk feed ettcnsiv cly on gross, thev some 1 
" ith cattle and horses for forage Elk call cs leg pounds, 

»>at ate 3 weeks old A mature elk cow weigh 
a bull about 800, and thev consume from one half 
forage as a imturc domestic cow 
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a selected clientele In rmn> instances m\ estment m cabins horses, 
and other needed equipment returns a bigger profit than livestock 

grazing-an incennve to favor both game and livestock 

The winter foraging requirements of big game are by far the most 
difficult to provide {34) Too often spring-fall ranges, which have 
been grazed to capacity h\^ cattle or sheep during the growing season, 
are ovenitilized bv deer or elk in winter This has resulted in starva- 
tion of the game, destruction of forage, and accelerate soi erosion 
The remed^ lies chiefly m (1) reducing the game to reasona e 
numbers by hunting and m other \\a>s, (2) mahmg avai a e su cien 
winter foraging grounds for the game Adjustments o t is nature 
require that sportsmen sanction proper control of the game popu 
also that stockmen reduce their own herds or bands before irreparab 
range damage has been inflicted (12, SJ, S3) 

A balanced production of livestock and game can est e 
out on Federal lands where conflicting viewpoints ma> be settled y 
study of the problem through intelligent representatives of all interests 

Effects of Rodents and Rabbits on Range Resource 
On fully utilized and particularly on weedy ranges, game and hve- 
Stock frequencl) must compete for forage with various sma am » 
particularly rodents and rabbits , 

The damage caused to the range by these small animals has been 

estimated at 150 million dollars annuall), and 1 like amount 0 a ag 

has been done to cultivated crops (5(f) But not all ro entsare nrm , 
neither is a species that is harmful in one region necessan y so in o 
Some rodent species ire beneficnl as soil builders, others ee arg y 
on insects which otherwise would harm crops, still others lave grea 

economic value as fur bearers , , i_ ^ ,\^a 

Among the beneficial rodents should be mentioned the banner-tailed 
l^angaroo rat, which, m Arizona, was found to contn ute nitrates a 
other nutrients to the soil equivalent to 30 cents per acre i app 
as commercial fertilizer (S) Kangaroo rats, pocket 

nonrodents as the mole aerate and hasten soil formation ( ), u '' 

oierl) abundant the\ destro\ much forage Tavlor ( ) , 

that on properlv managed ranges rodents eiidentlv o not P^^® 
erosion According to Horn and Fitch (26), working m Calif 
‘The forage consumed and dcscro^cd pocket pphers is largely 
compensated for b\ the increase of forage brought a out > 
cuhuation of the soil ” Usually abundance of population 
whether a control campaign is justified As a ^Ic increase 
scicral species of rodents are the result of a depleted range 
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animals, especialU squirrels, jack rabbits kangaroo rats, and w oodrats 
(55, 5S), subsist prunariU on the secondaiA succession \\eed\ plants 
But cottontail rabbits and pocket gophers often increase in numbers as 
the forage becomes more dense 

The most \%ideU destrucme species on the ranges are prairie dogs, 
ground Squirrels, and jack rabbits, of lesser importance are pocket 
gophers, kangaroo rats, and mice 

Pr-mrie Dogs 

These rodents resemble ground squirrels but arc larger and stouter 
bodied (Fig \02A) The\ live in burrows, the entrances to which are 
crater-shaped mounds up to 10 feet m width Frame dogs are often 
numerous on range lands in mtenor North Amenca, with Colorado 
about the center of distnbunon None arc found in the Pacific Coast 
states (44) 

Frame dogs subsist mostl\ on the forage grasses that are most sought 
bs cattle and horses On evpenmcntal plots in Arizona, Zuni praine 
dogs destro) ed 80 percenr of the blue grams, 69 percent of the w cstem 
wheatgrass, most of the sand dropseed and 80 percent of the total 
potential annual forage (^7) Often the\ des^•o^ the palatable grasses 
so completeK that the\ must move to new areas for food In drought 
V ears competition betw een praine dogs and In esrock becomes deadlv 
Control campaigns must, therefore, be acav e and continuous 

Grolno SotiRR£:i,s 

These burrow -digging amnuls (Fig 102B) consume much choice 
forage (77, 20, 22) In California, filaree, bromes, and fescue grasses 
are staple diet Ground squirrels take the heaviest toll of forage in 
the spring when the population is fulK active and the v oung squirrels 
are out {J6, 26} Some 200 ground squirrels on the open California 
range ma\ eat as much green forage as 1 cow , 20 as much as I sheep 
(16) In Washington, 38> Columbian ground squirrels ate as much 
forage as I cow, and 96 as much as 1 sheep (49) Populations ranging 
from J 5 to 75 ground squirrels per acre are not unusual Reproduction 
IS so rapid that a control campaign must destrov 85 percent of the 
population m 1 \ear to appreciablv reduce numbers the next. 

POCKFT GoRHERS 

These small, tunnel-digging rodents (Fig 102C) store a great vanetv 
of food acorns, roots, and bulbs. In spring and summer, gophers con 
sumc filarees, clovers various grasses, and weeds, in winter thev feed 
on underground plant growth The Iok of forage is formidable w here 
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I'l*' 102. Examples of common range rodents Zuni prame dog, 

forage where condittons fa\or their a iancaroo rat, E, w hitc- 

B, Ecechty ground squirrel, C, »«tem pocket 

footed mouse, F, meadow mouse, G, 



unmiri or irrr rnsor 


Ar 

the popuhtiDn IS hcn\\ But the Ioo\cninc up of ilic soil l>\ their 
tunnehne is rccogni7cd as hcncfiual (/> /f) (Oiaptcr 23) 

KaN( M(MI II STS 

Tlic numbers of these smtJ) Jonc hind Ici»Lcd and long tailed rats 
(Fie lO"*/)) canhest he es imated In their conspicuous burrows Ihc 
rats arc tn ist abundant m tipen plates where segctation is sparse 
ritcir food consists inainU of tecds and tender growth of grasses and 
forhs urcen cured foliage pine nuts and knick knacks (2Sf ^0) 
Much of this marcnal is stored m tlieir dens for use m winter Their 
effect on the range is greatK influenced b\ wide fluctuations of their 
numbers from \car to scar 

Mrsfioa ssoOtiOR Micr 

Meadow mice (rut lO^r) harscsi mice white footed mice 
(Fig JO^F) and sonic others often renned fleJd niitc daniacc the 
range h% cutting green grass-s and forhs ruining !ia\ m lotisc cocks 
or stacks and devouring bulbous plants In vears when their popula 
lions arc high loss of forage is coaspicuous (4S, S2) 

jsCK Umiiuts 

Over extensive range areas of low to medium elevations jack rabbits 
(Fig lO’G) compete tcUmglv with livestock for fonge {61) In the 
Southwest la antchipc jack rahluts ate as much range forage as I sheep 
and 74 as much as i cow (f2} 3C1 black tailed jack nbbics consumed as 
much as 1 sheep and J4R as much as 1 cow A!»ou one fourth to one 
half of their food consisted of grass Since the population of these 
jack rabbits w as estimated at per section (WO acres) thev consumed 
enough forage to maintain ( sheep or 1 cow Haskell and Revnolds 
(2f) found that an adult Cilifomia jack rahliit consumed 0 pound of 
air-drv native forage per dav 

Excessive livestock grazing is pnmanlv responsible for muial dc 
tcnoration of the forage and increase in rabbit numbers (7) On over 
grazed range destruction of the jack rabbits seems ncccssarv But 
control must be accompanied hv adjustment in livestock numbers if 
real benefit to the range is to he achiev cd 

CovntoL Mfvslrfs 

Control of rodent and rabbit numbers is not simple for each species 
m each ecological niche presents an individual problem Jack rabbits, 
praine dogs and ground squirrels should normallv be held m check 
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other destructne rodents should be controlled onl> where the popula- 

™ b. b,„ud « — — I jy 
predators, food suppl/, and disease, and through control by 

"’Natural Control Such animals as the cos ote, bobcat, fox, J easel 

badger, striped skunh, ferret, hank, owl, T a suong 

depend largelj on rodents and rabbits for food >e . ’ 

Mrile popilation of rodent eaters, except for '"e co> ote nd Meat 
uhich prey on livestock, should be mamtame ,^'^j' nnniation 
also known to cause a sudden downswing m tie ro en p 
Artiacial Control Man’s control consists of po’so" & ’ 

shooting, and sometimes fencing soecies 

of life histones and food preferences of the different P 

^ Poisln bait is used most extensivel> Food b' 

grams, cured green leafage, pieces of fruit “ ,, here live 

and placed m burrows or runxvaxs or scattered broaden t w ere h™ 

stock or other animals w ill not be harmed The princ p P j 

are strxchn.ne for prairie dogs ground squirrels, 

pocket gophers, and red squill, barium sulfate, and zinc phosphate 

meadow and field mice , nan ’ f sodium fluoroace- 

While phosphorus, thiUium sulfate, and 1 ( and 

tate) have been tried on ground squirrels and rats 
barium on rars (33, 32), thex are too dangerous o men and o^er 
animals for general use Thallium is being controlled by leg.d^ion 
m some states, including California The substance 1080 is toxic 
all animals and may kill cats and dogs that devour poisoned rodents 
There are no antidotes for either of these poisons virions trade 

Commercial rodent control preparations are so un recom 

names Those not wishing to prepare the pois county 

mended bv their agricultural state college should 
agent or the agricultural commissioner of the comm t> 

most suitable poison , . „ destroy the rodents remaining 

l^umigants are mostiv cniplo\ed to aestr v , the most 

after a vigorous poisoning campaign Carbon ^ 

popular fumigant, is used effectivelv against burrow inhab g 
Carbon monovide gas from the exhaust of aototnob.les and met 
also effective Thl so called ’ virus of eerraio ba«c™l eojttire^s otr^^ 
fails to reduce the rodent populations and ma) be dang 
animals 



494 


\\ ILDI IFL or THC RANGL 


Tabll\tion of Control MFASLRFi* of Smail AIanimals 
Various useful facts concerning control of the small mammals are 
presented in Tabic 34 (a, 50) 

Effects of Invertebrates on Range Resource 
Penodicalh, grasshoppers, bark borers, caterpillars and other insects 
become numerous enough to dcstro\ much of the season’s herbage (4, 
11, 59) 

Overgrazing favors the prevalence of some species of harmful grass- 
hoppers, therefore, an effeenve rcvcgctation program should be earned 
out Artificial control of grasshoppers and other such pests mav be 
expected through use of arsenic mixed with bran and sawdust as bait. 

Mammals That Prey Upon Livestock 
Losses of livestock from predatorv animals run into millions of 
dollars annualK FortunateU, various agencies are assisting stockmen 
m curbing the acciv itics of these enemies 
The most destructive livestock and big game predators in North 
Amenca-approximateU m order of damage inflicted— are covote, 
mountain lion, vv ddeat and Iv n\, v\ olf, black or brow n bear, and gnzzlv 
bear These animals occur most abundantlv from the Great Plains 
region westward to the coast and inhabit the region once hcavih 
populated bv elk, deer, buffalo, antelope, and mountain sheep As the 
game animals retreated to the back countrv or became scarce, predators 
shifted to domestic livestock 


Covote 

TTiese cunning range “diplomats are veJlowish grav, with strong, 
coarse hair, especiallv on ears, neck, throat, shoulders, and breeches, 
and bushv tail (Fig 103) Thev are lean, wirv, and fleet-footed, 
w eighing about 25 pounds, and their sv ncopated how hng and graceful 
movements furnish much local color {14, 37) 

Rabbits rank first m food suppi) of co\ otes, rodents, particular!) field 
mice and pocket gophers, rank second Although covotes kiH some 
calves thev are much more destructive to sheep and goats 

Control is accomplished bv den hunting {65), shooting, and trapping 
Fencing sheep range lands cov ote proof v\ as found to be expensu e 
but ir minimized losses (29), made for better gains of the band, and 
improved the forage stand 
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Moustmn 1 lov 

These b,g CMS-also called c.mgar, p«.m or " "t It 



Fic. 103 The co>ote-Uic sheepmans arch enemy. 


Amenca, correspond, ng to that of deer elk antelope and var.oj 

smaller mammals upon athich they largely subsist (57) They k 
young cattle, horses (especially colts), pigs, sheep, and goats blio 
mg and hunting ssith hounds, stimulated by attractive bounties, ten 
to hold dots n their numbeni 

Bobcat and Lynx 

, (Pif p 

X'trfs and IS distinguished from the widely distributed Oinada lynx y 
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Its lighter weight, a more slender body, less conspicuously wfted ear^ 
and the tail which is hlack only on the upper half Bobcats range fro 
Nova Scotia and southern British Columbia over most of the brushy 
and woody area of the United States The Canada lynx is confined 
in the United States to the cool areas of the eastern states and 



Fio 104 BobtaJed cat, or wildcat, a frequent lamb kiUer 


Rocky Mountain and Sierra Nevada ranges i^ts*'often 

'hey feed extensively on rabbits, rodents, and Nrds, 'heso “ J 
feast on domestic fowl and lambs (f7, 46) They 
'tapped {64) and readily “treed” when hunted with d g , y 
population remains high 

Gray or Timber Wolf 

This progenitor of the domestic dog IS the most distri 

'he large wolves in North America It is gray, "'■S'’ f 
pounds, and differs from the covote m having ess P 
more rounded eats, heavier muzzle, and proportionate s snarmgly 

Though formerly abundant over a large region, it northern 

‘'’ P9''a of the cooler stretches of the Gulf States an i , 

M'ohigan, and westward throughout the Rocky jf 

« «.ll abundant in parts of Alaska and Canada Tl^ .e 

'ho gray w olf arc much the same as those of the coa otc, P 
"’“re frequently kills calves, full-groaan cattle, goats, and h gs, 
'fusing appalling losses 
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Bear 

Bears cannot be classed as full-fledged predators (?7, 46), but an 
occasional bear kills lambs and stampedes the band on the bedground, 
sometimes causing bean sheep losses from piling and suffocation 
Black (bmun) bear are the most numerous, thc\ ucigh up to 
400 pounds Since the\ can rcadiK climb trees they are cas\ to hunt 
AMth dogs Tlie much more ferocious gnz^K bear, A\hich vcighs up 
to 1000 pounds, IS now confined to the timbered back countr\ and 
cannot climb trees The food of hears consists of plant materials and 
of animals that ha\e mostK died naturalb 


Dogs 

On farms m the South and Cast— less commonU in the West— shcep- 
killing dogs, of a “Jck\H Hvde" existence, make sheep raising hazard- 
ous \’anous laws ha\e been passed to curb the dog memcc, but none 
has been effeccne Raising sheep m dog proof pastures is the best 
protection {62) 

Facts Pertinent to Control of Predators 

A summation, including life histones of predatorx animals, is pre- 
sented in Table 35 


Measuring Wildlife Populations 

Censusing of animal populations is often needed to determine the 
relation of wildlife to the forage supplies and other land uses The 
execufion of a census frequentlv requires a specialized technique based 
upon know ledge of habits and habitat of the species concerned {30, 32) 

A census measures either actual or relatne numbers of animals 
Actual numbers are most often determined b\ direct tall\ of the ani- 
mals A relatue census counts such indicators as pellets, tracks, or 
dens 

Complete censusing of ammak m an entire range area is expensive 
and seldom done More often counts are made on a represenranve 
range unit. 

Some of the more popular techniques cmplov ed to census big game, 
small mammals, and bird life arc discused below 

CExstsixc Big Gwtr Mammals 

Big game can be censused most satisfactonK b\ direct enumeration 
from an airplane or b\ a drive on foot 
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Counts from an airplane arc relatively cheap and effective where the 
^egetatlon is open. Pronghorn antelope, bighorn sheep, niountJtn 
goats, and bison can be counted from a plane ar any season under 
most conditions The method is also adaptable to deer, elk, and cari- 
bou in the winter when the animals band to^'Cther (6). 

In brushy or rough country which precludes the use of a plane, 
the game “drive,” although expensive, is more satisfactory. Individual 
drive units arc usually from 200 to 500 acres in size. The sample areas 
should be representatu e of the plant cover and include about 10 per- 
cent of the total surface area. Watchers arc stationed on the down- 
wind sides of a well-defined triangle, and driv'crs force the animals to 
pass between obsen'ation points. Each watcher tallies and notes the 
condition, sex, and other characteristics of the animals crossing the 
boundarj’. 

Local populations of certain species of big game hav c sometimes been 
estimated by the use of mathematical ratios (?2). This has been done 
by first tagging cage-trapped animals and releasing them in the herd 
and then comparing their ratio of frequency either by sisual count in 
the herd or b>' kill records. 

Index methods have also proved useful m counting certain big game 
species. On snowy ground, caribou, deer, and moose tracks can be 
counted along migration routes. Counting of tracks around w'ater- 
holes has been used in determining the number of desert bighorn (19)^ 

Pellet group counts arc used occasionally for deer (7). If defeca- 
tion rates are known, actual numbers of animals can be determined. 

Clnsv’sinc Smai l Mammaus 

Small mammals may be censused by obser\’ation, trapping, and vari- 
ous index methods. Probably the most accurate method is that of 
trapping to exhaustion by live or bv breakback traps on sample plots 
( 10 ). 

The number of animals caught per “trap-night” on a trap line has 
sometimes been used as an index of abundance. A refinement of this 
method is that of noting the number of individuals of each sex and 
age caught per unit length of trap Ime. All trapping methods are 
affected by the kind of bait and traps used, and by the season of the 
year, forage, and animal habits. 

Popular index methods for some animals are the pellet and bait 
counts The number of pellets per unit area indicates rabbit popula- 
tions (2). Disturbance of mechanically spaced bait piles {23) or 
number of dead animals along poison-bait lines (^5) helps determine 
relative abundance of animals. Diadvantages of the poison-bait 
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method are the difficulties of finding all poisoned animals and the danger 
of killing species other than those being censused o\\ e\ er, 
methods mentioned above imolvc minimum labor 

Censusino Bird Life 

Ground-feeding birds ire occasionill> in importint ^ 

success of range reseeding, for seeds pros ide an important par 

Some species, like quid md dot es, cm be counted b> noting g 
mg males during the mating season on sample areas °,'”'_^_„l-rions 
doubled and applied to the entire irea for computing tota p p 
Grouse and sage hens can be enumerated bv flushing along a sample 
stop, tilth or ttithout the use of a dog Grouse md ttoodcoel s are 
often counted on singing grounds during the mating 
Waterfottl are someumes censused ht photograp iing 
plane tihen the birds are on nesting resting, or ee ‘"S 
Some birds maj be banded and the total populations e 
U1 returns, as ttas etplamed for deer bt an index ™^od W 
Migratort birds such as ttacerfottl, doves, and pigeons 
nised bt noting passing flocks 

Choice of Census Method 

Which method is used depends on species of 
fear, and kind of tegetation composing the a la animal 

method used should furnish as much information a ° More 

- possible in keeping tt ith the ob.ectite and cost of 
elaborate and sensltl^ e methods can be use 
administrative purposes 

Wildlife and Range-Management Relations, A Summary 

The most pressing ^\lldhfe problems, m general, animals 

mammals Despite conspicuous habitat ciang 
appear at this time to be fairb secure from extermination (-^ 
ffiough sportsmen welcome these population ^ _ j^em 

''■Mhfe Lnagers and stockmen often are 


hetw 


of the added grazing pressure ana cu. and 

' een range stock and game Excessne cropp ® 

ETOie also is often accentuated b\ increase western states 

toddart and Rasmussen {!!) point out that I ^ grazing 

'• 'cgetation IS dehcateb balanced md cannot endur 

Jhe best forage plants arc someumes killed Icming uninfo*rmcd 

"hich arc httlc grazed These are green and appear to 


Stodd; 

the r 



to be good feed The annchair sportsman examining such a range w 
inclined to argue that there is picnes of feed although deer and litcstoclw 
actual!) ma) be staning Sttickmcn who hvc on the range have nor 
all learned to recognize gotid and bad plants, and ihcs, too, often arc 
misled m judging range conditions 

Since the western winter ranges for deer and elk arc the spnng-fall 
feeding grounds for domestic stock* their grazing capacits —much more 
than the summer range— must determine game numbers for the entire 
range To abuse these areas I>\ otcrgrazing obvjouslv precludes the 
possibihtv of sustained \iclds of game 

Among big game, malnutrition resulting from oscrpopulation causes 
far hcatjer losses than predators Control of predators is not justified 
where the annual crop of game animals is not fullv utilized or where 
os erpopulations occur 

Where the range has become depleted because of a combination use 
of domestic stock and tng game, the numbers of one or !>oth of these 
animals should be reduced until proper forage utilization is attained 
A\Ticrc the big game animals must be nicasurabU reduced, shooting of 
both sexes should he permitted until the herd is decreased to the point 
needed Ccrtamls the maintenance of an adequate habitat for the game 
ranks first in management planning, and this requires proper stocking 

im 

An excessne population of lug game often induces the animals to 
seek food on bordering agncultural lands, such as alfalfa fields and 
orchards. In these cases the state game commission and the local 
sportsmen must recognize the dui\ of correcting the situation and 
give the stockman the protection that he has a right to expect. Ordi- 
narily, the first thing to do is to permit shooting the habituallv guiltv 
animals Control of deer and elk bv fencing, herding, or the use of 
scare bombs is seldom effective, and pavmcnt for the damage is rarelv 
practical or satisfactorv 

The fact should at no time be overlooked that where an adequate 
habitat for big game is maintained few complicated managerial prob- 
lems anse Habitat decline brought about bv the combined grazing 
of livestock and game mav require adjustment in numbers of both 
these classes of animals Occasionallv the domestic stock must be 
removed permanentlv , but such a measure mav accomplish linlc unless 
the game numbers arc also reduced in accordance w jth the recov en 
requirements of the range 

If wildlife management is to succeed, man must he better informed 
on the ecologv and life hisiorv of the species concerned He must 
know especiallv about food and cover requirements, preferred habitats 
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and their grazing capacity, migration rout» and 

population cycles, diseases, predators, and man-made / 

hfLation is needed as to the effect of livestock 

succession on the food supply of rodents, the 

measures, and the extent to which these animals may mote 

“rvetSfe management calls for additional ™h« 
leadership by administrative officers. It is especia \ nroposed 

the public be kept informed of the problems and 
solution. Not until sportsmen and stockmen are mor ,■ j 

what constitutes adequate habitat and desirable range condition 
the desired cooperation among these groups e expec 

Future Guidance in Solution of Wildlife Management 

Various acts and organizations have stimu- 

which are shaping national policies "’’'j' ' L™"According to Swift 
lating interest and progress in recreational^ fiel . ; j? 

(H), the following events have been paraeularly inHuentiai in 

these aims possible; , . „i,red large areas 

1. Enactment of the Taylor Grazmg Act m representa- 

of public lands under Federal administration and p 
tion of wildlife interests on each advisory boar ■ . lyy;- it 

L Establishment of the Soil j -nd cover require- 

iucludes biologists who ate studying wildlife f 

3. Organization of cooperative wildlife Training of 

^935, involving 10 colleges and universities, * 

several hundred wildlife managers. have greatly 

State fish and game covmtissions with p CTwy ^ 
facilitated sound fish and game seasons ana _ vinr^d in 1936, have 
s. The North American wildlife --rers among the 

simulated useful interchange of ideas on wildlife matters omo g 

numerous administrators and technicians. in the Wash- 

6. Establishment of a Division of ^yUdhfej ^ resulted in 

man headquarters of the V. S. Forest 

appointment of wildlife technicians in designed to pro- 

7- Fassage of the Pittman-Robertson Act at ^y stimulated 

'■de aid to the states for restoration of wildlif , ■ g irndcrship 

same management action programs in the states 
n professional wildlife men. . . .^suited in profes- 

. 8. Fonmilation of the Wildlife Society m tPi- ■ , , q-hc four- 

*">nal solidarity and maintenance of professional standards. 
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5W 

vjI of U'llditfe Ujnjjjawnf of this Socicts is a saloalilc too! for game 
technicians. 

9 ConiohrfjfjOH of Btolo^cal Stme^ and Uirreati of f isf cries in 1940 
strengthened the influence of Federal ssildlifc h> enlargement of the 
refuge sssrem b\ closer contact \sjtb the states through the Pittrrun- 
Rohertson Act, and through improved cflicicncj of migratorv bird 
laws 

The relationships mentioned should become increasing!) eficctnc in 
promoting better cwjpcration and understanding of uildhfc problems 
as a whole and m training and cmplovmcnt of qualified \oung men 
m this important field 


1 isr or Animal NAMra 
American buffalo (Boon buon) 

Antelope ground <qutrTcl {Cnellut teucitrui) 

Antelope }acl. rabbit {Ixpuf allent allmt) 

Anzona jaeV rabbit (/ (put caUfomtent ernmeui) 

Banner tailed kangaroo rat (f)ipoJomjrf tpeeubihr spectabiUi) 
Beeches ground squirrel (Cuetlut beecbeyt freerlevj) 

Bighorn sheep (O.n eanaJmiu) 

Black (brown) bear (CTrrui atneriearus) 

Black uiled deer {OdoeotUus lerwomu) 

Black tailed jack rabb c (/ epjt eattfomieui) 

Bobcat (f ynx ruftts) 

Broad footed mole {Scapmut rovnimJi) 

Canada l)nx (/ ynx canaJmus) 

Columbian ground squirrel {OteVut colianbixnuf eohimbunut) 
Cottontail rabbit (5j’/i spp ) 

Covote {Cants latrans) 

Deer {Odocosifiis spp ) 

Domestic dt^ {Cants fasmltarts) 

Douglas ground squirrel {Cufltus beecheyt dm/g/jKi) 

Clk or wapm (Cmw canaJensn) 

Ferret (Pwrormr furo) 

Gopher snake {Vituophts catensfer) 

GnzzJs bear {Urms borribihs) 

Harsest mouse {Rettlsrodontomys spp) 

Jack rabbit (Lepis spp ) 

Kangaroo rat {Dtpodontys spp ) 

Marmot {Mamwta spp.) 

Meadow mice (M/crotvr spp.) 

Moose {AJees amertcana) 

Mountain goat {Oreantnos amencanus) 

Mountain bon {Telts coneolor) 
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Mountain sheep {Ovts canadensis) 

Mule deer (Odocojlem bcnnoniis) 

Pocket gopher (Tbonioniys spp ) 

Prairie dog (Cy7i07nys spp ) 

Pronghorn antelope (Anttlocapra ainericana) 
Rattlesnake {Crotalus spp ) 

Red fox ( Vulpes spp ) 

Skunk {Mephitts spp ) 

Weasel {Mustela spp ) 

White-footed mouse {Peroinyscus spp ) 
White-tailed deer (Odocoiletts virgtntamis) 

Wolf (Cflnjr ntibilis) 

Woodrat (Neotoma spp ) 

Zum prairie dog (Cynoinys gitnsitsont ’zimtensts) 
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Chapter 23 


SOIL EROSION AND ITS CONTROL 


Through the ages, ram, running uater, uaves, moving ice, and \Mnd 
have been at w ork making great valleys, plains, drainage channels, and 
deltas Even so, during the epoch of primitive man, the topsoil o\ er 
much of the earth’s surface was formed faster than the forces of ero- 
sion earned it aw ay 

But during the relatively short span of time that ci\ ilized man has 
exploited the earth— his livestock thinning the pasture tegetition and 
his plow breaking the sod— soil has been remo\ ed at a much faster rate 
than It was built up 

On parts of all continents erosion has exacted a heav\ economic toll 
Man-made deserts, and ruined cities amid barren wastes, attest to the 
desastating power of uncontrolled erosion {30) The 728 million acres 
of grazing land in the western states do not provide forage for half 
the animal units that they did 50 years ago {8) At least 589 million 
acres, or 80 percent of the western range, ha\e eroded in \ar>ing 
degrees of seriousness (2, 3, 6, 7) But the toll is not confined to 
the West On the Atlantic Coast, in the Coastal Plains regions, the 
Northeast and Midwest, soil erosion is the most cntical single factor 
m pasture- and row -crop production Indeed, erosion accounts largcU 
for lowered h\mg standards, the abandonment of extensive rural lands, 
nnn> land-tax delinquencies, and the diversion of vast acreages to 
count) and state governments 

Erosion not onlv' entails a loss to the area w hence the soil is remov ed, 
but also to the land on which it is dcposited—for example, bv impeding 
navigation of inland waters and lowering water supplies 
Correction of this evil on range lands lies pnmanlv m the reestablish- 
ment of the vegetation and in improved land and livestock management 

Geologic vs Accelerated Erosion 
Tlus chapter deals vv ith accelerated and not w iih geological erosion 
Groionc or “Norm at” Erosion 

Under conditions of geologicalh normal rates of erosion a near 
cquihhnum exists among the soil, the vcgcration, and the cimurc The 

5OT 
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two rnijor forces of erosion-water and umd-arc largel> nullthed 
a dense plant cn\er, which is maintained hs further accumulation and 
tonser\ation of the topsoil (J5) Geologic erosion, then, implies that 
the soil IS remo\ cd more slow 1\ , or at least not faster, than it is formed 
Soil genesis is slow (27), the rate \ar>jng according to climate 
organisms present, relief, \egetation, kind of parent material, and extent 
of fragmentation or puhenzation of the rock Chamlierlin (//) 
speculates 

We have as j et no accurate measure of the rate of soil production W c 
merely know that it is zery slcn^ I should be unwilling to name i 
mean rate of soil fonnation greater than one foot in 10,000 )cars on the 
basis of observation since the glacial period 1 suspect that if we could 
positivel) determine the rmic taken m the lomution of the 4 feet of 
soil next to the rock ov er our av crage domain vv here such depths obtain 
It vv ould be found abov e rather than below 40 000 \ ears 

AccrLERVTEo OK * DEsnitCTivE Erosion 
A bnormalls rapid removal of soil— ' man induced erosion— occurs 
where the cm ironment has been altered, as bv fauliv grazing or tillage 
Effective control measures must be applied right from the start 
Common signs of initial accelerated erosion are (1) rurbidirv of 
streams and washes during periods of hcavv rainfall, (2) accumula 
tion of sticks and rocks against surface obstnictions, (3) deposition 
of soil at the base of a slope where the vclocitv of the water flow is 
broken, (4) formation of small nils over the soil surface, (5) move 
ment of fine soil particles during periods of strong winds 

Common signs of advanced erosion are (1) intensification of the 
previously mentioned indicators-soil accumulations, severe gullying, 
•awd stream twtbvdvts , ^1) thwwwwg Ncgctatwyn and a downward trend 
in the succession of the plane cover, (5) exposure of subsoil or parent 
material, (4) presence of an ‘erosion pavement,’ that is, accumulation 
of stony material on the surface, (5) vegetation growing on hummocks, 
owing to removal of soil from between the clumps or deposition of 
soil m the hummocks, (6) a shortened period of flow of springs and 
streams, (7) greater fluctuations m flow of streams, with abnormally 
high flow immediatelv after a storm, and flooding of the lowlands 

Patterns of Soil Erosion 

There are seven distinct patterns of erosion (1) sheet erosion, 
(2) gullv erosion, (3) stream erosion, (4) landslide or slip erosion. 
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( J) creep erosion, (6) wave action erosion, and (7) dune and dust-storm 
erosion. Which of these patterns dominates in an area depends on 
topography, soil type, vegetation, land use, and climate. 

Sheet Erosion 

This occurs when a thin layer of the finer surface soil particles is 
removed more or less uniformly from a land area. The runoff waters 
carry the finer soil particles dowm the exposed slope. Although sheet 



Fic. 105. Results of a combinatjon of sheet and pully erosion near timber- 
hne resulting from destruction of the co\cr by cxcessne gracing. Wasatch Mts, 
Utah. [From Range and Pasture Management, by the author (^0).] 


erosion is inconspicuous in the earlier stages, it is the most destructive 
form of soil removal (Fig. 105). Wind carries off the remaining 
loosened soil particles when the surface has dried. On denuded areas 
mere raindrop splash may result in transporting large amounts of soil 
downhill without overland flow. Soils of light surface texture and 
those having high silt content are especially subject to damage by sheet 
erosion (33). 

Gully Erosion 

This is the process whereby silt-laden runoff cuts channels in the 
soil. Many gullies typically occur near tiie slope’s summit; farther 
dowTi the gullies unite fanhke to form more prominent channels. In 
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the carl\ stages the gullies are V-shaped, later, as the soil on the banks 
slouglis ofT, thc\ become U-shaped GulU erosion is fatored b’l 
increase in slope, reduction m densitv of the scgctation, and rolling 
topograph), and it is frequent m regions where ram storms arc sharp 

Sthkam Erosion 

This all too common r\pe of erosion occurs when a large \olumc of 
water cuts into ri\cr banks Dunng each high water period matcnals 
preijousK deposited m the stream bed arc earned to a newlv formed 
island of conglomerate, or into storage reservoirs or transmission facili- 
ties, or arc deposited in the sea 

L.\NDSiiDr OR ‘Sup Erosion 

Sometimes called ‘land slump,” this involves sudden mass slippage 
of soil and rock, usuall) near the end of a protracted ram storm. It 



Fic 106 Landslide or "slip" erosion on a moderate slope This site vias onei 
oall> clothed sstth timber and bmsh Frequent burning and overgrazing of the 
succeeding shalJosv rooted grass and forb emer appear to favor land slips Men 
docino Count} Calif 

appears to be most common where deep-rooted vegetation has been 
destrov ed The break-off usuall} occurs a short distance below the 
hills crest, where the deep, usoalK heaw textured soils slide in a 
bodv (Fig 106) Soon gullies are formed, w hich cart) soil and rock 
to lower levels- 
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Creep Erosion 

This form of erosion occurs commonly on steep slopes during the 
period. Being more or less continuous day and night, it accounts 
for much soil movement. Such sloughing of soil and gravel is most 
conspicuous on lightly vegetated steep slopes, the animals literally 
pushing the material down the decline. Heavy populations of rodents 
dislodge much of the finer soil materials. The slough may nearly fill 
the horizontal trails, and some finds its way into the gullies. 

Wave Action Erosion 

Shore lines of oceans and lakes are variously altered by the force 
of the waves. As the parent material decomposes, wind drifts the 
lighter particles into bars a few inches to several feet in depth, usually 
only to be reshifted later, hence revegetation is slow and temporary. 

Dune and Dust-Storm Erosion 

Low ridges and bars of sand, clay, loam, silt, or peat, which are 
piled up during dry weather by wind, arc known as “wind dunes.” 
As the wind drifts the finer sand, as in the desert, on lake shore, and 
on prairie, the coarse sand and pebbles remain to form a “desert pave- 
ment.” Overgrazed pastures and autumn-plowed fields are especially 
subject to dune and dust-drift erosion (2/, 26 , 36 , 44 ). 

Erosion by Water, and Influencing Factors 

Of the two major forces of erosion— water and wind— water is com- 
monly the initial ofi'ender. "Water-induced erosion" refers to the 
removal of soil by water as it passes over an e.xposed soil surface. 

The degree of water-induced erosion depends on the geological 
phenomena of the area, its climatic characteristics, and its biotic factors. 
One or all of these factors prominently influence the transportation 
of soil by water. 

Geological Influences 

Slope, aspect, and character of the soils are the most conspicuous 
geological factors aifecting erosion. 

Elfect of Slope. The degree of slope profoundly and predictably 
influences the rate of the water flow and its cap.iciry to transport mate- 
rials. The velocirj' of flowing water varies with the square root of 
the percentage of the slope; that is, as the slope is multiplied by 4 the 
velocity of the water is doubled (/). With doubling of the velocity 
of flowing water its carr>'ing power becomes 32 times as great, for its 
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Thus the expected erosion on the 40 percent slope is 32.5/6.5 X 2 = 10 
tons per acre per year. Likewise* for a comparable 5 percent slope the 
indicated erosion would be 0.3/6.5 X 2 =« 0.1 ton per acre per year. 
Actual variations in erosion with change in slope might be somewhat 
greater or smaller than predicted, for the abrasive action of the eroded 
material, the effects of erosion on the infiltration capacity of the soil, 
and various slope and runoff relations are not taken into account. 

Increased slope reduces the amount of water held in the soil depres- 
sions and tends to increase runoff; however, the aerial relations of slope 
to runoff are modified by the intensity and the duration of the runoff 
and by the length of the slope. Duley and Hays (20) noted that, with 
increased steepness of slope from 10 percent to 20 percent, erosion 
increased from 2 tons to 6 tons per acre. Craddock and Pearse (16) 
found that runoff water on a slope of 40 percent transported 3.5 times 
as much eroded material as on a 30 percent slope. Prolonged, heavy 
rain storms are likely to cause more erosion per unit area on long 
slopes than on short slopes, for on the former the erosion power is 
intensified by the accumulated volume and the resultant increased 
velocity (19). 

Effect of Aspect. On western range lands, slopes facing south and 
west are usually more seriously eroded than nortli or east facings. 
Associated with tlie south or west aspects is a sparser vegetation, less 
humus and undecomposed plant material, and a more compact soil. 
Renner (3S) and others (40, 43) strongly urge protection of the more 
exposed south and west aspects. 

Effect of Soils. Some soils are resistant to runoff because of their 
cohesiveness, and others because of their high permeability. Still other 
soils may erode so readily as to require special methods of control (33). 

Coarse sandy or gravelly loam soils are so permeable that runoff and 
hea\’y erosion occur only after unusually sharp and heavy rains. But 
some silts and clays erode readily because of their low permeability, 
or because of adverse modification of their structure (22). Clays such 
as kaolinite, which do not yweJl when wetted, are fairly permeable; 
they tend to erode less than clay soils such as montmorilonite which 
often form wide cracks when drj’^ but are relatively impermeable when 
werred, and erode seriatrsl.v. Generally, soils ^vith many water-stable 
l.irge aggregates are permeable; highly dispersed soils arc usually imper- 
meable. As a rule n^edmm-textured soils erode severely, for they are 
less permeable than the sands and less cohesive than the clays. Stalilc 
soil aggregates tend to prevent erosion, because they arc highly per- 
meable and resist dispersion. 

Among other stabihring soil factors arc those brought about directly 
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or indirectly by the vegetation and soil niicroorganisms. These factors 
are discussed under “Biotic Influences/’ 

Climatic Influences 

Precipitation, wind, and temperature are the primary climatic factors 
affecting erosion. 

Effect of Precipitation. Of these three factors, precipitation— de- 
pending upon its kind, amount, intensity, and season— is the most influ- 
ential in the transport of soils. But the soil-transporting power of 
rainfall is profoundly influenced by topography, soil type, and vegeta- 
tion; in fact they compose an inseparable complex. The heaviest 
erosion on range lands occurs during sharp rains where the litter has 
been tom asunder and the soil has been compacted by trampling. 

Abundant rainfall, by promoting luxuriant growth of vegetation, 
tends to reduce erosion. Abnormally low precipitation cycles tend 
to promote erosion by thinning out the vegetation. A range area 
having an annual rainfall of 10 to 15 inches and requiring 35 to 75 
acres to support a cow through the year has poor cover protection 
against erosion as compared with an area that receives 20 to 25 inches 
of rainfall and requires only !2 to 35 acres to support a cotv yearlong. 
If, in the region of low precipitation, much of the rainfall comes in 
sharp showers, runoff and erosion may be particularly severe. Crad- 
dock and Pearse (/tf) found that doubling the intensity of rainfall (by 
means of a sprinkling device) increased erosion by two-thirds. Where 
much of the precipitation comes as snow erosion is less sev^ere, 
as shown by Sampson and Weyl (43) on high mountain ranges in 
Utah. 

Effect of Wind. The effect of wind on water erosion has not been 
measured accurately, but driving rains against exposed slopes are known 
greatly to intensify puddling of the soil. Wind may somewhat reduce 
soil erosion by bending or flattening the plant growth oi'er the soil 
surface. More commonly, however, windy rainstorms accelerate 
rather than retard erosion. 

Effect of Temperature. The effect of temperature on water erosion 
is essentially indirect, being reflected chiefly in is reaction on the vege- 
tation, soil microorganisms, organic matter, and soil moisture. Tem- 
peratures that stimulate early spring growth are vitally important after 
the snow has melted. Also, fluctuating temperatures that alternately 
cause spring freezing and thawing of the surface soil dislodge the seed- 
lings and induce erosion of the fluffed-up soil. Long periods of low 
temperatures favor accumulation of organic materials, whereas sustained 
high temperatures cause speedy decomposition of plant and animal 
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remains; and high temperatures destroy the microorganisms and lower 
soil permeability. 

BrOTlC iNFLUEfrCES 

Vegetation and animal life, including man, constitute the biotic influ- 
ences. The biota, collectively considered, profoundly affect soil ero- 
sion. Fortunately, plant and animal life can be so manipulated as 
greatly to curb accelerated erosion. 

Effect of Vegetation. Plants hasten the formation of soil and increase 
its organic matter, thereby minimizing soil erosion. 

Vegetation provides most of the organic matter (mulch and humus) 
and tends to maintain a desirable pore space and permeability of the 
soil. Puddling and clogging of the pores of the soil is prevented (39). 
The roots also help to maintain permeabilicj'. Live roots promote the 
formation of soil aggregates (X), so chat water flow's through the pores 
formed around the aggregates; and decomposed roots form channels 
through which water readily flows (Fig. 108). 

As the litter comes into contact with the mineral soil, it furnishes 
food for the microorganisms and various earth-dwelling animals. 
These creatures help to maintain soil permeability by grinding up the 
organic matter and working it through the soil. Microorganisms and 
the many earth-dwelling animals, by working up and turning over 
the soil and leaving channels through which rain water can flow, 
greatly increase and maintain soil permeability. Organic matter gives 
the soil resilience and properties to resist compaction (4, X, 9f 12, IS, 
^ 7 , 21 ). 

Another important function of vegetation in curbing erosion is the 
sheltering of the soil from direct insolation and desiccating winds 
(‘?7). The upper layer of exposed soils may get so hot on clear 
summer days as to destroy the microorganisms and scald the basal 
stems of invading seedlings (Table 36). 

The average maximum surface temperature of 157.4“ F. for the four 
soil scries studied .iccounts in p-irt for the rclativ’cly impervious and 
“lifeless” soils of these denuded areas. In contrast, tlie average m.i\i- 
mum surface soil temperatures of adjoining vegetated areas and of 
soils covered with only a chin layer of leaf mold averaged 104.7'’ and 
118.0® F., respectively. Tlicsc vegetated soils were relatively mellow 
2 nd porous. 

Of the various conspicuous influences affecting the soil, none con- 
trols erosion better than the plant cover witii its litter, roots, and 
hunuis (28), W’caver and Kramer (49), for example, found that, 
’•'hen water wxts sprinkled over the soU at about 100 times the rate of 
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Fic 108 D.ignnimatic sketch to shoo rclam e root dct elopmcnt and top grots th 
o charactcnst^c tcgctattoo oo eroded and uneroded sods Left a pecennta! bunch 
r-iinxini! a fairly deep, undisturbed A honzon topsoil, right, an annu 
irroNunR^on subsoil Mith the A honzon topsoil eroded at%ay Note the 
^ deeper proteco. e cot er of Inter on rhe sod surface to the left 

ssen-tegetated lands a measurable pan of the rainfall 'ntercepted 
A tonmtes into the air, hence little soil is transported Fotsling 
(93) repotted that a ttatetshed in Utah, the eoter of nhieh had been 

pc^nJ" Orsp'arsel) tegetated Utah ranges runoff and erosion fre 
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quently occurred after small rainstorms (70, 40, 43). Cooperrider 
(i;) and others (41) concluded that grazing of steep “““ 

rosion approximately in proportion to the <^haracter and densitj of 
the vegetation. Craddock and Pearse (16), "“^mg m Hal o found 
that a fairly dense stand of native wh^tgmss, a perennia 
tively controlled erosion, whereas a less dense ^ 

was an erosion hazard. Packer (57), working with stands of perennial 

TABLE 36 

■Maximum XaMPExaTvar xt SuxrxeE or Sole x»o tue Rr-ivr Ala HuM.orrv 



Tanperalure 

Relative 

Air 

Humtdtty 

(Percent) 

Month Sotl Senej 

Surface of 
Exposed 
Soil 

(Degrees F ) 

Surface of 
Soil Shaded 
by Vegeta- 
tion 

(Degrees F.) 

In One- 
Half Inch 
Leaf Mold 
(Degrees F.) 

June Sues clay loam | 

July Sues clay loam 

Sept. Konocktl clay loam 

Sept Aiken clay loam 

June Aiken clay loam 

July Aiken clay loam 

Aug. Contra Costa sandy loam 

Avemge 

154 

161 

156 

158 

159 

161 

153 

157.4 

102 

105 

106 

IM 

106 

107 

103 

104 7 

121 

124 

117 

114 

119 

118 

113 

1180 

22 

17 

14 

12 

18 

15 

14 

160 


County, Cahfomia, 1943. 

beardless whcatgrass (Agropyron hicnm) and 
(Brormis tectnnnn), concluded that cither cover was e 
trolling overland flow where the density was adequate. 
to heaty livestock trampling required an appreciahlj dens 
protection against soil erosion than imdistur >c ant . /.fTcctitc 

Tliese eases clearly demonstrate that vegetation is a highly cfTeetiie 

factor in controlling soil erosion. . . ^ 

Eflcet of Man and His Animals. The introdoetion " ‘ 
herds and bands on the range increased the prevsure tl.at had 

exened by the native animals. ^ .1 ^ rrr.^r rh 

I.iv cstock affect soil erosion chiefly l.y graying dow n 
thinning out and trampling the cmer. faionng 

uprimied perennials. and indimingemepems^ 

mg soil into trails and nils. Craddock an 
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trampling, reported erosion increased 1 7 limes Daubcnmire and Col- 
A\ell {18) found that sirgin prainc soils absorbed water three times 
as fast as comparable overgrazed land 

E^ecf of Groimd-lnbabiting Rodentt Certain rodents annuall) de- 
posit large amounts of earth above the surrounding ground surface 
Ellison (2/), working on mountain grassland of clav and loam soils, 
found that pocket-gopher activity was essentially confined to the her- 
baceous cover The gopher disturbed soil was exposed to the ele- 
ments on closely grazed areas, and the diggings tended to be concen- 
trated m gullies where the soil was readily carried away by rainfall 
The extent of erosion resulting from these diggings w-as approximately 
proportional to the degree of ov crgrazing But there vi as no ev idence 
that the tunnels formed by pocket gophers caused gully formation on 
hillsides Infiltration was apparently increased bv the irrcgulantjcs 
formed in the soil surface bv this rodent. 

Erosion by Wind, and Influencing Factors 

Drifting topsoil is ripped from the surface by wind when vegetation 
IS insufficient to bind the soil Wind storms have caused great eco- 
nomic loss by translocating soil made vulnerable bv man's unwiscexploi 
cation of the land On the other hand, geologically normal deposition 
by vund of the finer soil particles has built some of the nchesc soils 
in the “granaries of the w orld ’ (26) TTie open textured hexi' soils 
of the midwest com belt are an example of nch, umd borne soils 

The most povv erful influence of wmd erosion is the v elocity of the 
wind movement The flow of sand increases as the cube of the excess 
of wind velocity over and above the velocity necessary to start the 
particles moving (/, II, 24) For particles coarser than silt, that is, 
greater than 0 05 millimeter m diameter, the velocity necessary to start 
particles mot mg vanes as the square root of the size of the panicles 
Thus, if velocity dovbles, the wmd will move grams four times the 
size of those that were transported under the initial velocity Wind 
erosion occurs both as deflation (removal of the finer soil panicles by 
shifting or whirling air currents) and by xaltation (removal of the 
coarser grains and fragments of soil by a process of rolling or by shon 
leaps) 

Material removed by deflation, according to Free (24), vanes from 
the finest colloids to particles J 0 millimeter m diameter Dust par- 
ticles blow n great distances are smaller than 0 1 millimeter Saltation 

i “Loess” soils are unconsoI«Jaied, vsuk! laid deposits mostly of sHty loams 
\\hich coter large areas m North Amenca and some other parts of the worid, 
noubly in China and southern Russu 
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can move much larger particles, such as sand, and even pebbles 
some 2 inches in diameter. The extent of deflation and saltation 
depends on both the wind velocity and the physical characteristics 
of the soil. 

Other factors that enter into the extent of wind erosion are tempera- 
ture, arroospberic humidity, organic matter^ slope, exposure, and—mosr 
important— the plant cover. Warm, desiccating winds, together with 
low atmospheric humidity, soon dry out the surface soil and break 
down its resistance to wind erosion. The organic matter, and to some 
extent the litter, protect tlie soil from wind erosion by absorbing and 
retaining the moisture; and the organic matter tends to form soil aggre- 
gates that do not readily erode. Slope tends to facilitate movement 
of the coarser soil particles when the wind blows down the hill but 
may retard movement when the wind blows up the hill. The drier 
south and west aspects with their sparser vegetation are more subject 
to wind erosion than those of the opposing directions. Vegetation 
curtails wind erosion by reducing its ground velocity and by the soil- 
binding action of the roots. The arid grazing lands of the Southwest, 
especially if overgrazed, suffer excessively from wind erosion because 
of the sparse vegetation. 

By carelessness with Are, unbridled cultivation, road building, min- 
ing, logging, excessive grazing, and burning (Jf, 17, 42), man has laid 
waste, through the action of wind and water erosion, to untold acres 
of range and other lands. According to Utz (48), 57 million acres 
of tillable land, or 14 percent of all cultivated acres in the United States, 
have been destroyed by erosion. It becomes evident, then, that the 
biotic influences are, by and large, highly important, because of the 
loss of soil they may cause. 

Erosion and Grazing Capaci^ 

Tlic decline of the western range to less than half its original grazing 
capacity is clearly correlated with thinning of the vegetation and 
removal of the topsoil (7). Studies in Utali revealed that nati\ c hronic 
produced barely half as much forage on eroded as on noncroded range 
soils (45). Sinclair and Sampson (46) found thar ihc water rcrpurc- 
ments ucrc measurably higlicr for range grasses grown in areas whose 
topsoil (horizon A) had eroded away (Fig. 109). ‘ilicsc workers 

concluded: 

T he remos-aj of the A horizon tends nor only to iiccrca%c the luxuriance 
of growth of the \cgctati<m, bur greatly retards, if It docs nor actually 
pfetent, the rccstabhslimcnt of the climax and subchmax plant coier. 
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Fir. 109 WTien prowti m A, B and C Jjonzons of iht Holland soil sencSi 
Califomu Soils uerc artificiaU> packed Meisursbij mon nater «-** required 
to produce a unii of dr> eight of plant mateml on honzon C, and slightJj 
more on horizon B, than on horizon A Note relaijve sae of plants on the 
three horizons The pUnimps uerc nude sunuhanrous);> fAfrrr Siarlair and 
Sampton {46) \ 

Erosion and loss of soil nutnents are inseparable Bennett (tf) 
estimated that loss of soil nutnents b\ erosion is 21 times as great as 
the amount of nutnents remo>ed from the soil nhen the crops are 
harvested Vanous legumes vjelded from 50 to 100 percent less on 
eroded than on noneroded soils 

Nearl> ev erv'vv here over the western range counm the vegetation 
has been thinned The exposed, clogged, and compacted subsoil has 
curtailed infiltration of rainfall and intensified runoff As the gullies 
have deepened the water table has dropped, depriving the cbrnaT vege 
tanon of its normal moisture suppl> Gradualh , \ arwus annual plants, 
most of them low m palarabilin and nutntion, replace the perennials, 
the mainstav grazing plants Ccitaml> the facts warrant the effort of 
curbing a destnictiv e rate of erosion 

Erosion Control on Pasture Lands 

The principles mv olv cd m the control of erosion on range lands are 
essentiallv the same as those for farm lands and w atershed^ Controls 
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consist ch.efl> of reestnblishmg the coter with fbuJd.ng 

soil binding plants and, in the more aggratated cases of the building 

of mechanical structures {SO) 

VEGErAL COVIROI 

Where the soil is still fairly productive, mere --8" 
area is the most practical means of controlling ^ '""‘‘^/^ed 

Bailev (->) for example, found that vegetation stabilized fine texmren 
Bai ey (2), tor example, 

soils even on a slope ot 6U uegrccs r 

important it is to maintain a vigorous tegetanon This may be 

by artificial or natural reseeding (Chapters 1 1 and ) 

Mechanical Control 
Where numerous deep gulhes have been 

"rV’C”- rs«” 

‘ ridges have been constructed to d.ude long 

small units '771^7 ffo^Tt'rS feet aside and bu.lt on 

non The terrace channel, being irom „,„,.rrpd outlet much 

loav grade, slowly “^“""'^bTtterebVfa' onng revegetat.on ms 
of the aaater so taught is absoroeu, tn r stabilizing 

mg the aaater tabj^t, po^u^^^^^^^^ 

stream and spring floav according to the 

;“h; :nd Eer am parrinoned at 

mtcraals of 25 to 50 

St7r m^ ’0 » '’™i:'eS1ars:em 

It less popular than contour furroaamg on loaa valued avestem 

""SlurVurrewing R-ge lands in relat.v eh loav ramfallareas^^ 
often greatlv benefited bv ""ge forage becomes denser and 

conserved and erosion minimized, the range lo. g renorted that 

improves m guahrv .nTcaas 

three times more run was i^soAed decreased consider- 

Meld increased ncarU fi\e times and ,«r>rmir furrowed and 

ahU In Utah Baile\ (2) found thann cxcccdingK high nnd 

reseeded watershed produced no ninn 
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intensi\e ninfall, ^\hercas, on a similar untreated area of onl> 15 acres, 
28,234 cubic feet of nmoff was recorded 
The furrous mav best be maintained bv an abundant plant cover 
The> should be about 10 inches wide and 6 inches deep and spaced 3 5 
to 7 feet apart The cost of such furrowing vanes from about 50 
cents to SI 50 per acre 

Soil tvpe, slope, kind of plant cover, and fav orablcness of the grow- 
mg season largclv dctemunc the success of furrowing Heavv-tevrured 
soils that absorb water slowl> arc benefited most, sandv soils the least, 
verv fine sandv loams being on the dividing line of suitabilitv (5/, 
32, 34, 35) Hcavv sods that have been compacted bv trampling and 
that arc low tn surface organic matter arc cspeciallv m need of furrow- 
ing Slopes of I to 15 percent have been mcasurablv benefited, 
but the more gentlv sloping areas respond best as the water spreads 
more evenU (3i, 34) Unless the steeper slopes arc well vegetated 
when the furrows are constnicted, thev arc likclv soon to fill up with 
eroded soil before revcgetation can take place 
The native plant species present greativ influence the returns from 
range land furrowing In the southern Great Plains region, faufTalo 
grass and blue grama do not grow so rank as to become unpalatable, 
but side oat grama and tobosa grass arc rejected bv stock because of 
their coarse growth If erosion is severe, furrowing is justified despite 
the coarse plant growth Where artificial range reseeding is done 
after furrowing, the less robust species should be used 

Various implements and tv pcs of contour furrow s hav e been used 
with success The implements and the lechnicjucs of furrowing are 
full) discussed bv Avres (/), Bennett {£), and Gustafson (25) 

Check Dams 'Where terracing and furrowing arc inadequate to 
protect cntical areas, temporarv check dams made of brush, loose rock, 
poles, or w ire arc sometimes effectiv c Temporarv , low check dams 
are soon stabilized bv the invading revcgetation Small check dams 
are espcciall) effective in leveling out gullies of small land units, but 
permanently constructed dams arc needed to control gullies of large 
watersheds where well-secured waterwavs must be maintained Per- 
manent dams maj also furnish water for livestock These, commonl) , 
are built of concrete, metal, or earth 

Water Spreading This term implies div crsion of water from natural 
drainage channels to small check dams, ditches, or furrow s from w hich 
It can be bberated graduall) over the range The practice is adapted 
to the smoother grazing lands where precipitation is low and erosion 
IS on the march Closel) spaced contour furrow s and ndges are espe- 
cially recommended across the upper end of gullies of critical areas 
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SJopes gradients up to about 7 percent may be irrigated by \\ arer 
spreading (31) Slopes having the maximum gradient should receive 
special treatment According to Bennett (6) 

Furrows for retaining, rather than conveying, water usually are turned 
upslope as gullies or natural depressions are approached, m order to close 
the ends Thinning of dense stands of sagebrush, combined with the 
use of the brush to build contour percolatora, is giving excellent results m 
eastern Utah and western Colorado 

Regardless of the efforts made to control erosion bv vegetation or 
mechanical structures, little w ill be accomplished unless certain rccog- 
nl^ed range practices are applied 

Cardinal Points of Range Management in Erosion Control 

The need of maintaining the range fonge at or near maximum pro- 
duction of the capability of the land is imperative to continuous eco- 
nomic livestock production and to consen acion of the soil and the \\ ater 
Achievement of this aim requires rational planning at all times The 
following points should be checked against decline or adverse chinge 
m the forage cover and should be /olloned by a cor/ecrion program 

1 Where ample seed plants remain, reestablish a thinning stand of 
forage and browse plants b> mtunl reseeding Deferred-rotation 
(Chapter 12) grazing is economical and effectne m curbing erosion 

2 Where the soil is so exposed that onl> a scattered stand of the 
choicer forage and browse species is left for seed production, artifi- 
cial reseeding mav expedite rcesnblishment of tlie co\ cr (Chapter 1 1 ) 

3 Grazing b\ the wrong class of stock is responsible for dinngc 
bv erosion m some areas Cattle do best on lev el or moderately rolling 
areas In rough country cattle concentrate on the meadows to the 
extent of thinning out the cover and starting gullies Sheep do well 
m the steeper countn and can usuaUv be kept from ovcrgra/ing the 
more acccvsihlc areas Goats arc cspctnJh suited to utilize bnisln 
mnges (Chapter 15) 

4 Conservative grazing should be practiced, vsith due regard for 
d'c proper beginning and ending of the grazing season and desirable 
* ivtnbution of the stock (Chapter H) 

5 Protect ilic cov cr against fire Grassland needs an adequate siub- 
hlc and leafage to protect the old plants through the winter ami the 
seedlings m the spring from damaging frosts and soil hcaung The 

of liumcd grassland, like those of overgrazed areas, arc subject 
'^vere erosion Mso, the steeper slopes of brush covered areas 
should be protected from fire to prevent erosion (Chaprer Pi 
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ADMINISTRATION OF PUBLIC 
GRAZING LANDS 

The Federal government still owns some 412 
md in continental United States and 365 mdhon acres 
hough not all these lands arc grazed, the acreage 
s so large that its sound administration is important to stockmen 

:he nation as a whole. . . /i\ rr» mcnrr 

The objectives of public range-land administration j ^ ^ 

sustained forage production and maximum grazing neriods 

estimation of grazing capacity, establishment of rationa P“^ - 

and selection of the most suitable kind of livestock for t^ P'ent cover 
soil, and topography; (2) to obtain a balanced use of ^u c 
by preventing one use from causing undue 
resources; (3) to stabilize the livestock industrs . ® 

eligibility of permittees, issuing long-term permits, an B 
mum freedom of operation; (4) to render Kchn.cal 
grazier and prevent inequalit>’ among permittees o . -j-jJiIq 

Lands administered by the Federal government are shoun in Table 

Of tile Federal administrative land =>SC"cic-S the ForejtJenicej^th^c 
Bureau of Land Management, and the Indian era . Service 

of the public grazing lands. In arexs arc 

cooperates in the improvement of public ndministra- 

included in their official districts. Discussion of the land administr. 
tion is therefore centered on these organiz-ations. 

National Forest Administration 

Tlie Forest Service is ‘’rS='"''"‘'j"^''/fJ‘’"olpnLiion' Qurt 1). 
Forester-s office in Washington, D. C U ga wasliinstoii 

Tlicrc is a Division of Range Management ( ) - 

office and also in each of tlie six sscs.em ccgumal < ffiee^ 

On the national forests tlicrc is usually a staff ^ [-^ch 

range management under the direction of the forest p 
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F.C no Headquarter, and --“-“V^rr'^n ,« — CnHouX” 

and experiment station work areas, Forest bcr\i 

nil Experiment station boundaries 


Regioml Headquarters 

Region J, Missoula Mont, 

17 national forests 
Region 2, Denver, Col, 

17 national forests 

Region S, Albuquerque, N M • 
13 national forests 
Region 4, Ogden Utah, 

■’0 national forests 
Region 5, San Francisco, Calif . 

18 national forests 
Region 6, Portland, Ore , 

19 national forests 
Region 7, Philadelphia, Pa , 

7 national forests 
Region 8, Atlanta, Ga^ 

27 national forests 


O Expermient Station Headquarters 

Northern Rocky Moimtam, Mis 
soula, Mont 

Rocky Mountaiti, Fort Collins, 
0)1 

Soutbuesteni, Tucson, Ariz 

hnernioiintam, Ogden, Utah 

California, Berkeley, Calif 

Pacific Northwest, Portland, Ore 

Northeastern, Upper Darby, Pa 

Southeastern, Asheville N C 
Southern, New Orleans La 


Region 9, Milwaukee, Wis, (Lake States, St Paul, Minn 

11 national forests and purchase jcenfra/ States, Columbus Ohio 

units 

Region 10, Juneau, Alaska. 

S national forest divisions 
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national forest is duidcd into districts and each distna is m charge 
of a ranger T*he ranger is responsible for the administration of graz- 
ing on his district, under the guidance of the forest supenisor through 
the staff assistant- TTie districts arc funher div ided into grazing allot- 
ments according to topograplu and drainage 

The pnmar) pohc> of the Forest Scr\ icc is to conscr> c the resources 
under ^\lse use rather than preser\c them {IS) TTie chief forester is 
directly responsible to the Secretarj of Agnculturc, the regional 
forester to the chief forester, the supervisor to the regional forester, 
and the ranger to the supervisor 

AmisoRV Boards 

The formation of associations of grazing permittees is encouraged 
by the Forest Serv ice \lanv are active and helpful on ranger distncts 
or on other subdivisions of the forest 
Advisory boards in manv instances arc elected bv each association 
for their respective area, and delegates from these are elected to the 
forest advisorv board represemmg both cattle and sheep permittees 
(14) In 1948 there were some 800 advisorv boards (//) 

Grazing PzRMrrs 

In 1948 the Forest Service issued 18,504 charge permits for part- 
season grazing of 1,153.245 cattle (exclusive of calves under 6 months 
of age) and 3114 charge permits for part dme grazing of 3,321,993 
sheep, exclusive of lambs (i5) Stockmen who desire a permit must 
submit applications to the supervisor, who considers their qualifications 
b) following the rules and regulations in the Forest Semce Matmal 
(14) 

iMost forest range can be used effectively only bv persons owning 
suitable land ncatbv that enables them to receive a balanced, >ear- 
around forage supply from both the pnvatc holdings and the forest 
range The ebgibiUtv of applicants is therefore JaigeJv determined 
by their “dependenev ’ and “commcnsurabihtv ’ 

Dependency concerns the extent to which pnvatc and public lands 
are interrelated in the economic use of their resources, cspecialh feed 
and water Dependenev is governed by the need for national Sorest 
range— generally summer range— to round out an operation so that 
proper and practicable use can be made of the base (home) property 
An operator who lacks the kind of range that is available on the forest 
and that he needs for practical and efficient ov er-all operation is recog- 
nized as dependent to the extent of his needs Generalh, a home 
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ranch near the national forest is given preference over one more 

remotely located. r 

Cmnmvmrabibty, or commensurable property, is the measure o 
the applicant’s capacit)’ to take care of the livestock on own land 
or leased property while not on national forest range, e con ^ 

sion factor for sheep is computed at 5*0 sheep per cow. ^ 

owner of a ranch on which the animals can be carrie unng t e seas 


TABLE 37 

Lands Administered by the Federal Government 
Land Units Admimstrattve Administered 

Agency 


National forests 
Grazing districts 

Vacant, unappropriated, 
and unreserved public 
lands outside of grazing 
districts 

Indian reservations 

Military reservations, 
bombing ranges, etc. 

National parks and monu- 
ments 

Other reservations 


Forest Service, Dept Agr. 
Bur Land Management, 
Dept Interior 
Bur. Land Management 


Bureau of Indian Affairs, 
Dept. Interior 
Dept Natl Defense 

Park Service, Dept. Interior 


U.S 

160,000,000 

151,700,000 

36,000,000 


56.000. 000 

18.000. 000 
16,000,000 
16,000,000 


Alaska 

21,000,000 


3,000,000 

32,000,000 

7,000,000 

32,000,000 


Various ^enacs* 

• Sm.ll parcels of public lands are administered by ^ 

Conservation Service, Fish and Wildlife Semnee. and some olher Federal agene 

when the forest range is not available is given preference 
purchases or rents his feed for that period. The e igi 1 ity stock 
of great importance, because in most localities the num 
the applicants would like to graze far exceed the forage SUPP > • 
PenJiits are classified as term, annual, temporary, free, on and off, 

private land, or crossing. . ,* „rnnrpri 

Terj/t pen/iits, mostly issued for a period of 10 year , 
to especially qualified applicants. . nncra- 

flniiml md tenn permits each denote a preferenc . nermir 

tor is eligible for an annual permit he is also eligible for P 

"hen he so requests. , , xirxrnrd- 

Tciporary peniiits are issued to applicants for ”"f 

mg to prioritx?, extent of ownership of livestock, the extent of exist 
■ng permits, commensurabihty rating, and attain other taeB 
Free permits may be issued to bona fide settlers for not more 
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10 head of animals used for domestic purposes, to prospectors, campers, 
and tra\ elers for number of head actually in use, to pack outfits, and for 
special concessions to Indians 

On and off pemms are issued only where movement of the permitted 
hvestocL IS necessitated bettveen national forest land and adjoining 
outside range, or where pm ate and forest lands are intermingled 
Private land permits are issued when the government is compensated 
for use of forest lands b> the use of pm ate lands of equal value, and 
when lands are released to the government for exclusive administrative 
control of the grazing use 

Crossing permits ma\ be issued to persons desmng to drive livestock 
across any portion of a national forest for legitimate purposes 

How Preferences are Acqlired 

A preference conve>s no legal nght but merely gives the holder 
special consideration over other applicants Preferences are acquired 
b> prior use or occupancy, by local residence and ownership of com 
mensurate propercv with temporary use of the range for 5 consecutive 
years, bv renewal of a permit formerly held in partnership or in a 
corporation, bv purchase of a permittees stock or ranch or both, by 
inheritance, and bv being a citizen of the United States 

High consideration is given to resident home builders, since bv using 
the national forest range along with rbeir personally owned range and 
crop lands they are better able to round out effective vearlong opera 
tions (iS) Vested (propcrtv) rights are not recognized (12), a con 
dinon contrary to the much cniicizcd European policy 

Lower vnd Upper Limits 

To secure an equitable distribution of grazing pm ilcges, to prev ent 
monopolv m the use of national forest range, and to aid in stabilizing 
the livestock industry, the forester establishes h^^er and upper limits 
in permitted numbers of livestock (19) The lower limits nile is de- 
signed in general to the economic level for the av erage family unit It 
is also the limit below which no reductions will be made in his permit 
for further distribution of the grazmg privilege The upper limit is 
the number of livestock up to which permits may be issued or con 
solidated through the purchase vv ith wan er procedure Generally , this 
IS at a level of optimum operating efficiencv without monopolv In 
the California region the present lower limits arc 200 for cattle and 
1000 to 1250 for sheep the upper limits from 400 to 500 for cattle and 
2j00 to 3000 for sheep 
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Grazinc: Frns 

The forest service has established base fees, which ^ 

quality of the forage and the cost of operation on the 
allotment. The fees were derived from a study of 
in western United States, A base price of $6. 2 P-^-^hund ed pounds 
for beef and S9.15 for lambs was derived from the 
1921 to 1930 and 1920 to 1932, respectively. Based on ^ese pen 
the calculated monthly fees per head nationa y aserage 
cattle and 4.5 cents for sheep (14). The annua fee is d b> 

multiplying the base fee by the ratio of last years market price to the 
base price. For example, if the average market ?-•>“ 
men in the 11 western range states last year was 19^86 per hundr^ed 

pounds, then the fee for the current year \i on e . , . ^ 

or 43.5 cents per month. The base fees have been adjusted somewhat 
on the various national forests and on allotments '^Rhin a fore , de 
pending on quality of feed and cost of operation. The base rates are 
worked out in conjunction with the livestock associations and, if pos 
sible, with their approval. , , c _ 

Fees for goats are the same as for sheep; e ea«le The 

125 percent and for swine 75 percent of the 1931 base for cattle The 

1949 fees averaged about 49 cents per month for 
per month for fheep {16). Since the fees on the ^ 

intended to approximate the value of the forap» t e p 
expected to change with changes in economic factors. 

The money coUected for grazing and other cash reru ns from the 
national forests goes to the U. S. Treasury. An nat ona” 

25 percent of all receipts is paid to the counties 
forest lands for expenditures on local roads an ° ^ _ percent 

cording to county acreage in national forests. n a 
of the receipts is allotted for expenditures on nation 
States of origin. 

Other Regulations 

Grazing regulations not previously j?\ establish- 

the Forest Service Mamial ('''>• npmbfr and class of 
nient of grazing allotments, prescription collcc- 

smek to be grazed, and period of grazing on each 
tion of grazing fees- (3) prolusion for proper rang ‘g 

range improvemem;, (U enforcement of f 

other local laws; (5) cooperation betxveen stockmc f pj. 

•n all matters of mutual interest; (6) provision for management 
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bfe and other uses, (7) control of trespass by stock, impounding animals, 
and collection of resulting damages, (8) provisions for range surve>s 
and grazing investigation 

In Its 45 years of range management the Forest Service has, on the 
whole, established an enviable record, and many of its policies and 
practices have been adopted by other public-land agencies 
Range research has been instrumental in shaping the management 
policies adopted on the national forests {16) Range-research organiza- 
tions are located m each western forest region (Fig 110) Their aim 
IS primarily to clarify problems that are especially vexing to the ad- 
ministration Cooperative range research is also earned out with ocher 
Federal agencies, state agricultural experiment stations, extension serv- 
ices, and some private stockmen 

AdzamistratioD of the Bureau of Land Management 
Up to the passage of the Taylor Grazing Act of 1934 the grazing 
districts of the ten western range states were the leftover “free for-all’ 
grazing commons They vi ere severely overgrazed The administra- 
tion, since the Act of 1934, has resulted m an improv ed condition of 
some of the vast area, but the Grazing Service has been handicapped, 
largely because of lack of technical and administrative personnel On 
July Id, 1946 (20), the Grazing Service was merged with the General 
Land Office to form the Bureau of Land iManagement (see Organization 
Chart 2) 

So unsettled were conditions m 1946 and 1947 that several of the 
district graziers (now called range managers) were retained only 
through the generosity of the local advnsory boards' \et progress 
has been made, especially m the establishment of allotments for mdi 
vidual producers and in initiating various range improvements In 1948 
approximately 20,000 livestock operators were licensed to graze some 
1 5 milhon cattle and 9 msllwn sheep within grazing discncts for a part 
of the year (/) 

Currently, both the distnct lands and the “section 15” lands® (9) are 
adnunisteredby the Bureauof Land Management (Fig 111 ) Theiecent 
decentralization of administrative decisions from Washington, D C, 
CO the western field headquarters has expedited processing range-use 
applications and other v ital matters {20) Also, if the personnel were 

'Distnct adtisory boards are consM)erabl> more mfloennal than national forest 
advisory boards 

* “Section IS lands arc those vacant, unappropnated and unreserved pubbe 
domain areas that are not mcluded m die grazing distncts but that are leased for 
grazing as authonzed b> section IS of the Taylor Grazing Act (24) In 1948 
12,210 992 acres were so leased (21) 
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Administration of these lands is guided by the rules 
contained in the Federd Range Code (24) a publication similar 
grazing regulations in the Forest Service Manual (1^)- 
The regulations provide that preference m the S B 

privileges be given to the old established land-owning 
within or near a district. The aim is to pernrit proper 
lands, any water or water rights ottmed, and to ” 

occupied or leased areas. Temporary licenses, ^h 

term permits for 10 years are issued as the case may ustify. J^ho 
bureau favors long-term permits for all qualified use . 
one-half of the Federal range users within grazing distric 

'"?r,rrL"S .»» *.» o. * -s * 

deietmjned by the niinimam cost of charge for 

full value of the forage. Effective August 6, ™ j 

cattle and horses per animal unit month follows* established 

goats 1.6 cents (24). This charge is divided as follow ^ ^tablish^^ 

grazing fees (to cover bare administrative cos ) . ^ for 

6 cents, for sheep and goats 1.2 cents; a ^ q 4 ocnt. Since 

grazing of cattle and horses 2 cents, for sheep g^^^ of 'administrating 

the grazing-fee figures recommended an increase 

the grazing, the district advisory boards ha -,,.rr.nTement The 

in gLin/fees in the interest of improved range manag^ement.^^ T^_ 

fees collected on the districts go to the U. . 

cent of the 6 cents grazing fee for -tde -d horsesj^d^thcJ^2,c 
grazing fee for sheep and goats is return govem- 

county or counties in which the district is *i™f T-he loc=. g 
ments may also receive various hidden beneffts from range impr 
nients made possible by the cnusc-iu’pcuvcmcnt c . ^ rather than by 
“Section 15” lands arc let by lease for grazi B P ^ ^ yearly or a 

issuance of grazing permits. The toes ma, j.j.j(,r_ and 

10-ycar basis. The charge depends t 

u in no case less than SI. 00 per anmim f ■ B ^ ^ j|,o 

charge is usually betbveen 3 cents and a cc p ^..-r'land as liigh as 
poorest land it may be less than I wn'’ , -nijcants under similar 
« cents (2J). Preference is given to qualified “PP' 11 "“ 
general regulations as those for grazing-district app 
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Prior to 1934, administraaon tended to force the Indians to accept 
the \\hite man s mode and standard of living including the pnnciple of 
individual land ow nership Under a succeeding policy m the Allotment 
Act of 1887, each Indian was gnen a piece of land clearly insufficient 
to support a family The Indians yyould sell the timber, forage, and 
frequently the land too Tlie white man purchaser seldom applied 
rational management to the resources, since there were no provisions 
for conseryation 

Most Indians uere forced to seek a Jning awa> from the land the 
fe\y \yho kept their land subdiyidcd it among their heirs and oyvnership 
became confused Betyieen 1887 and 1939 Indian oyvned lands de 
creased from 138 million acres to 50 million acres (20 27) 

In 1934 (22) the Allotment Act \yas replaced bv the Indian Re- 
organization Act also know n as the Wheeler How ard Act Its pnmarj 
objectnes were to conserye and deyelop Indian lands and resources, 
to extend to Indians the nghc to form business and other organizations 
to establish credit for Indians to provide for vocanonal education for 
Indians {II) It also restnets further alienation of Indian land and 
provides for consolidation and acquisition of Indian lands Section 6 
provides for proper range management practices 
The Indian Reorganization Act has helped solve the intricate Indian 
situation much as the Taj lor Grazing Act has showm how to cope w ich 
problems of the western range It has resulted m improvements such 
^ as fences roads wells and spnngs erosion control and control of wild 
horses 

Before its passage the Indian stock indusir> was of little importance 
Bur in 1934-35 the Federal goientment issued 42,100 head of cattle to 
the Indians 

The more influential regulations governing the use of Indian grazing 
lands arc as follows {3, 4) (1) The lands have been set up into natural 
grazing allotments Except on allotted lands, the commissioner of 
Indian affairs prescribes the maximum number of stock to be grazed 
according to the carrying capacitv of the range based on utilization 
surveys (2) Permission to use Indian lands for grazing is granted b> 
permit The Tnbal Council or its representative is authonzed to 
designate w ho w ill graze h\ cstock, the number and kind of stock the 
charge if anv, and the duration of the permit not to exceed 5 jears 
(3) Tlie acreage grazing share of an Indian is determined b> the total 
acreage available and the number of members m the tnbe (4) Group 
rather than individual permits are recommended chieflv to faalitate 
the carrvmg out of range management plans and improved livestock 
handlmg (3) if nccesssn the Comnussioner of Indian Aff'):rs may 
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revise a grazing permit, ^vithout consent of the parties, to regulate the 
range properly. 

Soil Conservation Service 

The Soil Conservation Sennce cooperates with public land agencies 
such as the Forest Service, Indian Service, and Bureau of Land Manage- 
ment, where public lands are included in its districts. In such instances 
the work is carried out by cooperative agreement among the agencies. 

The main objective of the Soil Consei^^ation Service is to promote 
control of soil erosion and encourage better use of farm and range land. 
Up to 1935 the work was done by the Soil Erosion Service, an emer- 
gency agency in the Department of Interior. In that year the Soil 
Conser\'ation Service u’as transferred as a permanent agency to the 
U. S. Department of Agriculture. 

National headquarters are in Washington, D. C. But offices are 
established in every state of the union and the territories, to carry out 
the various programs and activities of the service, largely on private 
lands. For purposes of administration, the United States has been 
divided into seven geographical regions, each with a regional director 
in charge (see Organization Chart 3). 

The Soil Consen’ation Sendee provides soil- and u’accr-consenMtion 
technicians to assist farmers and ranchers in soil-consen’ation districts 
to cart)' out, at their request, a sound soil- and warer-consen'ation pro- 
gram, which has been developed for die various regions. All 48 stares 
and the territories have soil-conscn'ation district rules under which 
landowners may organize. A sojl-consen’ation district niav be formed 
by a vocc of landowmers within the designated area and is usually 
governed by five elected landowners living within the district. Interest 
m range consen'ation is constantly increasing, and more and more soil- 
consenation districts arc being formed in range country'. 

Basic to the assistance that is rendered to the ranchers in soil-con- 
ser^-ation districts is the cLssification of the l.ind according to its wp.a- 
bilitics. Primarily, the classification indicates tlic intensity .and kind 
use to which particular lands may be safely subjected. Such a 
classification indicates I>roadIy the several levels of sustained pro- 
duction that the rancher might be able to attain on the various parts 
of his range, and it provides the basis for integrating tlic grazing Ubc of 
umcrent kinds of land in a livestock program. 

Die cooperating rancher is provided with technical assistance in 
making miiization checks, developing needed \\.itcr supplies selecting 
^ It best sites for range improvement, developing w.atcr spreading, con- 
tour furrowing, pining, and seeding improved forage pkints adapted to 
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ORGAXIZATIOX CHART 3 
GF.NrR\LrzED Orgwizxtiox Chart of tuf. 

Soil Consirx \tiox Sermct. 

United States Department of Agriculture 
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™ny ■>» 5 

small but important additional supplies “f ° P , 

in the form of irrigated pastures or h*)' ‘ “ achieved largely 
Soil and water conservation on range ^ 

through improvement of the only obtain the 

on proper range utilizauon. T p ^^ 3 ^ ^^,30 

most practical distribution of his a vicor. To accom- 

maintain the hey forage plants m a f j judging favor- 

plish these things he is given various indicator gmdes lor, b 
able or unfavorable trends in his range con 

State and County Grazing Lands 

Several western states '“'.idnister 

areas consist of scattered tracts (5). V Up correct, because 

state land as “school land.” This may or public institutions 

grants were made to the states for various “ P™ ";„ 3 . gome 
and projects, as well as for the from Ipu^ domain 

225,000,000 acres were granted to *e states P Qregon, and 

(20. Several of the states, Kansas, Nevada, 

Oklahoma, have disposed of most of their S™ ’ ,3 of 

New Mexico, Washington, South Dakota, ia\ . ^qq j.g3 pf their 

theirs (1). I’n 1941 tl- states still owned some ^ 

granted land; in addition, approximately Qnly a 

state or eoumy governments from private — 

small percentage of this land is suit 3 t 3 te 

The administration and tnanagement „,„-„i 3 tration can be 

to state and county to count) . Kero _,,cr he made. Since 

provided, a physical and 
inventory surveys are expense e lew star 

authorized by legislation. ,„nrkin!r out its public land 

Montana has been especially "J^fr/.mhoriz" d by the 

program by establishing state gram g d^^^^ cooperative 

Grass Conservation Act of lyiv , Umired to livestock 

organizations whose membership is vo - Commission to 

operators. It is the duty of the Grass Comenation 

require the districts to comply with tic regi lessee is granted 

Security of tenure on state lands is -ncreased if he lessee 

the first right to purchase when the Ian is o c offered, he is 

operator is not in a position to purchase the land wi 
better off if the land he leases is not suli|cct to . ola^sificd 

Under the South Dakota Land ‘"”"■■'8';^ , intervals and upon 

as suitable for immediate sale, or for sale onli at long 
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reclassification (iJ) The charge for leases is computed as by the 
Forest Service, the rental scale being based on the market pnce for 
h\ estock and livestock, products 

iMan> of the western states charge a fixed rental for a parcel of 
grazing land In most instances the charge is several cents more per 
acre than for similar ‘section 15” lands administered by the Bureau of 
Land Management 

Conflicts in Grazing Use of Public Lands 
Both major Federal agenacs admmistenng public-domain range, the 
Forest Service and the Bureau of Land Management, are operating 
under basic laws set up by acts of Congress 

The Forest Service has long been guided in its administration by 
researchers of the range, timber, watershed, and game resources Al- 
though us administration seems to be sound, a small group of articulate 
stockmen have vigorous!) challenged its management pobcies. Most 
of the conflict stems from the pnncipic of multiple use management 
of the national forests the> provide forage for domestic stock, produce 
timber and needed wood products, and have high value as watersheds, 
as recreation areas, and for game production Since most of the Bureau 
of Land Management lands are primarily useful for grazing, they are 
but indirectlv involved in the stockmens opposition 
The principle of coordinated maintenance and use of all the re- 
sources on the national forests was stated by Secretary James Wilson 
m his letter to the Chief Forester under date of February 1 , 1905 

^Vherc conflicting interests must be reconciled, the quesnon will 
alwa)s be decided from the standpoint of the greatest good of the greatest 
number in the long run 

With this basic pnncipic the grazing policies have developed as 
follows (15) (1) preference is given the home builder, (2) long-term 
permits and renewal preferences are provided as a step toward the 
stabilit) of livestock operations, (?) monopolistic and uneconomical 
operations are guarded against hy the establishment of low er and upper 
livestock limits, (4) an equitable grazing fee is charged for grazing 
pnvileges, (5) adjustments m permitted numbers of livestock, when 
neccssar), are made gradually, so that the permittee may plan his 
operation accordinglv 

Although grazing is encouraged on suitable national forest lands, the 
forage m manv instances has declined because of encroachment of tree 
and brush growth The mountain meadows, which in earlier yean 
supported large numbers of stock, are in poor condition due ro over 
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grazing. Also, crirical naLnal 

which led to a gradual reduction in „n,ts 

forests. For the 30 -ycar pcrio states decreased 53.2 per- 

gtazed on the national forests in tl , ts-and the simultaneous 

Lnt m. This decline - '-^^^erope d-r, and elk-caused the 
sharp increase in the numhers Ut-t, of the forest service. Ac- 

gratJers to challenge the mult.ple-use policy 

cording to Kelso (S) : „f the conflict over western 

Out of this verj- [multiple use] dmace p j^^^^ast of 

Federal land management arises. g t him [the 

watershed protection and water l,y ^ larger fund of 

grazier] to do othersvise unless h m Stockmen want more 

“social consciousness” than are mo want more timber an 

grass, lumbermen want more tre , ,iar flows without floods or 

game, irrigationists want their wa 

;::L the manager of 

balance the use of one resource (,c placed in pri- 

question has been raised: Why " control the grazing 

vate ownership? Or, why should not the stocKm 

administration of these lands? untenable chiefly because: 

The proposal of private -re more over-assessed with 

(1) low grades of western the better lands (20); 

respect to capitalized net earn B interest of the grazing 

(2) multiple-use lands would themselves to subdivision for 

resource; (3) many areas do connection with privately 

single-operation control but must other Federal agencies, 

owned lands or with lands contro answer to a balanced use and 

Certainly private ownership is n ^ were 

conservation of the public ''“"g® maior portion would likely remain 
made available for private filing, the major p 

in public otvnership. „aiTcment have suggested that a new 

Some students of land anting both the user and the 

administering board be s«"P’ should meet frequently enough 

administering agency (S)- , . and should be empowered to ma -e 

to be abreast of the local pro ^ 

decisions binding on 'fyinc proper use of both pub ic an 

One of the greatest needs program. Few stock- 

private range lands is a far-rea^ -nton’^ or -management plan is ma 
men undemand how a b«t f«d. Still fewer recognize 

or which plants provide the what constitutes proper srand- 

the different range-condiuon classes or 



546 


ADMINISTRATIOX OF PLBUC GRA71SG LAND5 


TABLE 38 


Comparisons or CHier Plbuc Grazinc Orgavizations and Aims 


t 

Forest Service 

Bureau of Land 1 

Management 

Indian Service 

Area Admimtlered 

160 000,000 acres,* about 
85,000,000 acresgrazedan 
nually in 1 1 western states 

151,700,000 acres,* most!) 
grazed annually 

56,000,000 acres, 42,000,000 
acres grazed annually 

Lacation 

Medium to high forested 
mountains and grassj 
glades, mostly in the cst 

And western country, me 
dium to low clevaaons, 
little timber, few recrea 
tion sites 

Widely scattered throughout 
the M est, diversified sea 
sons of grazing use 

Time of Creation or Aequiii 



Forest Reserve Act of 
1891, lands mostly under 
intensive administration 
hy 1905 

Ta) lor Grazing Act of 1934 
set aside 80,fX)0,000 acres , 
amended act oi 1936 pro. 
vides for 67,000,<>00 addi 
Qonal acres or the maxi 
mum of 1 42,000,000 from 
public domain 

At vanous times during 
Colonial da>s, by treaty 
and by execunve order of 
allotments from 1887- 
1934 A\ heeler Howard 
Act of 1934 was designed 
to develop and manage 
these lands 

Purfase of Administration 
To conserve and rational!) 
use timber, forage, water, 
game, and recreation 
values 

To develop, improve, and | 
stabilize the grazing in 
duscr), conserve and 

1 build up all renewable 
resources 

To provide industry as a 
means of livelihood for 
Indians, and to conserve 
resources 

{Vhere Administered 
Department of Agncul 
ture, grazing control since 
1905 

1 Departmentoflntenor, au 
thont) given in 1934 

Department of Interior since 
1910, an effective policv 
only since 1934 

Character of Lands 
About 80 percent summer 
range, balance spnng fall 
and winter range, much 
rugged topograph) , im 
poriant wateraheds 

Much yearlong range at in 
termediatc elevations, 
grazing capaaty mod 
crate to low 

^ earlong and spring fall 
range, considerable waste 
land, grazing capaatv 
intermediate 

Grazing Charge 
Cattle 14 S^/hcad/mo 
base fee, adjusted on basis 
ofliscstocWpnces Cattle 
fee averaged 49i in 1949 
Sheep 4 Si base fee, with 
1949 aserage fee of lU, 
based on value of forage 

For cattle 6^/head/tno , 
sheep 1 2^/head/nio, 
range improvement fee, 
cattle 2^/head/tno , 
sheep 0 4#/head/ma,, 
total charge, cattle 86/ 
head/mo , sheep 1 6c/ 
head/mo, bascoonmm 
imumadnitiustrationcost 

Representative of Tribal 
Council advised by super 
intcndent, and regional 
forester determines charge 


* These figures include lands acquired by purchase, exchange, and cooperative agree 
menL &cluding these, the Fores tSemceadmrnisttrs i39fiO»,000 ams on the national 
forests, the Bureau of I and Alanagement 142/Xl0,0Q0 acres m grazing distncts (/7, 2/) 
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TABLE 38 (CmunmiJ) 


Forest Scn’icc 

Bureau of Land 
Management 

Indian Service 

Disposal of Fees 

25 percent to states in 
which lands are located; 

10 percent for forest roads 
instates of origin; 65 per- 
cent retained in U. S. 
Treasur)' 

12,5 percent to states m 
which lands are located; 
remainder to U. S- Treas- 
ury 

Paid to tnbal representative 
for distribution to quali- 
fied Indians; a portion 
reserved for range im- 
provements 

Range Experiment Stations 

1 in each of 6 forest regions 
of West; 2 in south- 
eastern states 

One cattle rangeexpenment 
station at Squaw Butte, 
Burns, Oregon, con- 
ducted in cooperaMon 
with Oregon State Col- 
lege, Corvallis 

None 

Game Population 

Some 75 percent of big 
game in western states 
spend much of life cycle 
on these lands 

Appreciable numbers of big 
game found; ^ antcloj^ 
spend much of life cycle 
on these areas 

A small population of big 
game animals exist for 
various periods on these 

1 lands 


8rds of use. The Soil Conservation Service 

able educational and action program, large y nrogram on 

stockmen on their own holdings. Conducting “ ^ ^ 

the scattered areas of the Forest Service 'he Bu eau of Land 
agement is complicated, but greater effort s ou effective re- 

in addition to evtension and =ducationa progm™ an eff 
search program is needed to improve re of tenure of 

agencies and stockmen. Research can assure of enu 

qnaUfied stockmen, and this is vital to encourage a better feeling 
tween user and landlord. 

Reorganization of Federal Land Agencies 

Most scholars of Federal land administration “71'i™ble™x"tent. 
of control should be effected to the Srof P'‘ recom- 

The Hoover Commission (tf, 7), 7'"’? hes of the Government, 
mend reorganization of the executive branches t ^^ricultural 


•“VUU reorganization oi enc . . «„riculi 

bad uvo of its -task forces” primarily conc-ned lurh agric^^^^ ^ 


affairs and natural resources (2). 
Department of Natural Resources, 


The latter i 


including the present 

to replace the Department of Interior. 7*’ Deoartn^nTof Agriculture 

force recommended a reorganization of the P j t|,e present 

to include a “Forest and Range Sen-ice con p 
Forest Service and Bureau of Land Management. Studs 
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lem b> the departments concerned is under \\a\ It seems desirable 
to adopt some form of reorganization that uill better coordinate the 
uses of public and private lands 

Summary 

The more important facts of this chapter arc summarized m Tabic 38 
companng the three Federal land agencies that administer most of the 
public grazing lands State lands are not included, because their 
administration is too dn erse 
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range forage, 324-328, list of, 325 
fencing of cattle, 339-340 
ferns, 128 

Ecftilizcrs, uses m reseeding. 230-251, 
application of, (cable), 231 
fescue, 155-158, (fig ). 157 
rescue, alpine, description of, J58 
Fescue, Arizona, deseription of, 156 
Fescue, foxtail, (fig). 157 
Fescue, grcenlcaf. (fig). 157, descrip- 
tion of, 158, protcCTcd from grazing, 
266-267 

Fescue, Idaho, description of, 156, 
(fig), 157 

Fescue, sheep, description of, 156-158, 
(fig), 157 

Fescue, western, (fig), IS7, descrip- 
tion of, 158 

Fescue tribe, ree Tribes, fescue 
Festuca, see Fescue 

Festuca arizortica, see Fescue, Arizona 
hestuca idaboensis, see Fescue, Idaho 
Festuca ruegalura, see Fescue, foxtail 
Festuca ocetdemahs, see Fescue, west- 
ern 

Festuca oviua, see Fescue, sheep 
Festuca ovma %ar brachyphylla, see 
Fescue, alpine 

Festjtea uridttla, see Fescue, greenleaf 
Fcsruceae, see Tribes, fescue 
Field plots, tee Plots 
Filaree, see Alfilcna 
Filaree, red-stem, (fig), 201, descrip- 
tion of, 203 
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Fire, relation to range nninpcnicni, 
276-301, cfFca on soil. 278-281, 
effect on ^\ater supplj, 281-282, ef- 
fect on wildlife, 282. effect on recrea- 
tion areas, 282-283 

Fircwccd. (fig). 208, desenpuon of, 
209-210 

Fisher, C C, (302), 281. 296, 297 
Fleming, C H, (357), 351, 352, (434), 
425, (481), 468, 471, 477 
I lowers of grasses, 133, (fig). *52 
Food reserves, relation to graying, 48- 
Sl 

Forage plants, in Great Britain, 17, m 
Spain, 18, m Russia, 19, m South 
Africa, 24, m Australia, 25, m Ar- 
gentina, 29, in Savannah rcvion. 
South America. 29. nutritional values 
of, 52-54, (fig), S3, chemical tom- 
position of, 54-55, 320-324, honnon^ 
55-56, list of scientific names. 108- 
110, maior divisions of, 127-129, 
evaluation guide, 130, depletion or, 
265-266, animal preferences for, 305- 
306, 385, feeds supplemental to, 524- 
328 

Forage production, 96-98 
Forage >ield, 96-98 

Forbs, 193-218, definition of, 193, less 
valuable than grasses, 193, 
scale for, 194, desirabilit> of, W, 
families of, 194, fruits of, (fig). » 
species described, 196-218, stan arts 
for range use, 382-383 
Forest economics, relation to range 
management, 8 

Forest influences, relation to range 
management, 8 

Forest management, relation to range 
management, 8 

Forest protection, relation to range 
management, 7 u r^- 

Foresc reproduction, see Tim r 
production f 

Torcst Senice, U S, adm.n.stn.tion ot 
mtional forests, 529-536, organi 
non chart of, 530, regions 
periment stations of, (map), * 
grazing policies of, 544, multipli: i^» 
program of, 544-545, eompanson ssirh 


other Icilcral puhhe lj,„! agencies 
(nWc), 54fi 

IiKcstr,, relition tii range manigeniem, 

rorests, mtioml, ,ee Xatiimil forests 

10)^, grazing U.S,li> regions. 

«0-447 region, U. S, (figl, 44, 

financial returns when compared wnh 
heestock inilusrr,, 444, grazing l,e„c. 
ficnl to, 447-148 
Torsling, C I. , (329), ,37 
380. 381, 384, (527), 5IS ’ 

loster. J n. (262). 256, (275s 
(356), 345, 346 ' 

Frandsen, W R, (275) 

Traps. G S, (60), 52 
I udge, J F , (60), 51 
Fungi. 127-128 
Furrowing, contour, for r.r„» 

524 ^ 523- 

Gabriclson, I N, (506), 4,jj 
Galleia grass, see Grass, Rail., 

Callow a>. see Breeds, cattle ^ 

Game, see Big game, Wiiji,,^ 

Garaa iMata, C, (13), 

Card. W. (123), 11? 

Genetics, 257-258 
Geraniaceae, see Geraniuin 

Geranntm, see Geranium 

Geramum, 202-205, dcscnn. 

203 < 

Geranium, stickj, (fig), jq. 

non of, 203 ’ ‘^‘^scrip. 

Geraimon viscosissn/m?u, see n 
snclcy 

I Germination, 47-48 
Gilbert, C S. (481). 463 
Gleason. H A, (89). 78 
Glendening, G E. (90), 73, 74 
240 245, (397), 380, 388, 
Glucosides, 461 I 

Glyceria, see Mannagrass 
Glycena strtata, 

Gnetaccae, see Jointflr ''wl 

Goats, management of. 3Sv 

O S, 353. ranges for, 353. 'm 

of wood> plants br^^sed le, 

plsiits poisonous to. 554, 
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J54, imtinp of, JJ5, Vids J5J-356 ( 

brush cleared b>, 356 
Goldcrtrod ra>Icss (6g ) 474, desenp 
non of, 476 

Goldman, F A, (508), 477 
Gooscbcrr>, 219-220 

Gooseberry, uhirestcm, (fig), 216, dc- < 
senpnon of, 219 

Gophers poeVet, 490-492, (fig), 491 ' 

Gordon, (60), 52, 53. 55, (329), 319 
Goss. H,, (481). 463 
Graber, L U (60), 49 
Grama, blacV., (fig), 169, descnption 
of, 171, increased b> graring plan, 
270-271 

Grama, blue, (fig), 169, desenpnon 
of, 170, cropping of, 382, (fig), 
390 

Grama, description of, 168-171, (fig). 

169, annuals, 171-172 
Grama, hairy, (fig ), 169, description 
of. 170 

Grama, Uoihrock, (fig), 169, descrip- 
tion of. 171 

Grama, side-oat, (fig), 169, descrip- 
tion of. 170-171 

Grama, slender, description of, 171 
Grama, sprucctop, description of, 17| 
Grama tnbe, see Tribes, grama 
Grass, bluestcm, (fig), ISI, descrip- 
tion of, 183-184 

Grass, bulTalo, description of, 168, 
(fig), 169 

Grass, carpet, (fig), 181, dcscnpttnn 
of, 186 

Grass, carpet, true, (fig), 181, desenp 
non of, 186 
Grass, gallcta, 173 

Grass, Johnson, (fig), 181, desenp- 
non of, 184, potsontms character of, 
477 

Grass, rescue, description of, 163, 
(fig), 164 

Grass, Rhodes, (fig). 169, description 
of. 172 

Grass, Sudan, poisonous, 477 
Grass lobosa, (fig), 169, descnption 
of, 173 

Grass standards for range use. 382-383 
Grasses, finger, descnption of, 172 


Grasses, importance of. 131, charactens* 
tics of. (31-133. (fig). (32, tribe 
outline and key. 134-138. study nf. 
139-140 tribes of, (fig), (44 
See also names (for those not listed 
above) 

Grassland Research Oimmittcc, (39), 
24 

Grasslands. 100-104, tall grass prainc. 
102, dioft grass plains, 102, mcsquitc- 

I grass desert and desert grass sav annah, 
103-104, marsli, 104, alpine meadow. 
105 

Grasslike plants, descnption of, 188- 
190, (fig), 189 

Graziers, 15 

Grazing, history of. 112-122, distncts, 
122, yearlong. 267. yearlong protcc- 
ijoo from, 267-268, Hobenbeini sys- 
tem, 268, deferred system, 268-272. 
(fig), 269, on perennial mountain 
bunchgrass, 269-270, on mixed an- 
nual perennial range, 270-271, on 
winter-annual range, 272, rotation 
system, 272-273, deferred rotation, 
273-274, effect on timber production, 

1 439-448 faaors damaging to re- 
forestation. 439-440, m U S forests, 
by regions, 440-447, benefits to 
forests from, 447-448, cattle brows- 
ing of hardwoods m Vonh Carolina, 
(table). 447, capacity for, with ero- 
sion, 521-522, permits for, 532-534, 
fees from, 535 

Grazing lands, lee Pastures, Range 
lands 

Grazing management, definiuon of, 6 
Grazing plan, 413-415, organization of, 
415-415, written report, 413-414, 
, graphic report, 414, fic/d-appitcarion 
section of, 414 

, Greasewood, (fig), 474, descnption of, 
475-476 

1 Great Basin, desert vegecatfon of, JOS, 
speacs for amfiaal range reseeding, 
239-241 

1 Great Bntain. sheep breeds in, 17, 
cattle breeds in, 17, forage plants in, 
3 17 

Great Plains, species for anifiaal range 
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reseeding, 243-248, seed mixtures for 
pastures m, 253 

Greene, S W, (304), 283, 299 
Growii/nna, see Gooseberry 
Grossularia inenne, see Gooseberrx, 
whiecstem 

Grossulariaceae, jee Gooseberrj 
Groundsel, see Butterweed 
Gromh, seasonal, of plants, 50-52, 
(fig), 51 

GuUbert, H U, (60), 57, (329), 319, 
357), 334, 335, 336, 347 
Gully erosion, 511-512, (fig), Sll 
Gyranospermae, 128-129 

Hafennchter, A L, (262), 257 
Hagner, A F, (481), 463 
Hairgrass, 143-144, description of, 143 
Hairgrass, tufted, description of, 143- 
145, (fig), 144 
Hamilton, C L, (329), 313 
Hampshire, see Breeds, sheep 
Hanson, H C, (90), 78 
Hart, G H, (60), 57, (329), 3(9, 
(3S7), 334, 335, 336, 347 
Haney, H , (548), 540 
Haslceil, H S, (506), 492 
Ha)s, O E, (527), 515 
Haystacks, computing tonnage of, 327- 
328 

Heady, H F, (377), 363, (397), 379 
Hedrick, D W, (141), 131, (192), 
142, 153 

Height measurement in determining 
range uulitation, 387-392 
Helentmn hoopesu, see Sneezewced, 
western 

Hemicryptoph>tes, definition of, 64 
Hemlocks, see Poisonhemlock, Water 
hemlock 

Heracleta/i lamttari, see Parsnip, cow 
Herbarium, 416-417 
Hereford see Breeds, cattle 
Her\c>,D F, (221), 198, (302), 298 
Hc>\vnrd, F, (302), 278 
Hibbard, B H. (123), 118 
Hihria, see <Mesquitc 
Hilarij behrigert, see M^quite, curb 
Htlana jmiesti, see Grass, gallcta 
lliloTia smitica, see Grass, tobosa 


Hill, C L. (304), 287 
HiJI, R H, (455), 439 443, 447 
Hill, R R, (90), 75 
Hitchcock, A S, (19!), 142, 152 
Hohcnhcim grazing s>stem, 268 
Holmgren. A H . (483), 459, 475, 477 
Honcjsucklc, 217-218 
Hooter, H C. (548), 547 
Hooter, M D, (455), 446 
Hooter, iM M, (263), 247 
Hooter Commission and reorganization 
of Federal land agencies, 547 
Hopkins, H, (302), 298 
Hopper, T H , (60), 52 
Hordcac, see Tnbes, barley 
Hordewfi, see Barley grass 
Hordcinn brachyajitbcrjiin, see Barley, 
meadow 

Hordetmt pibattmty see Barley, foxtail 
Hordetnn jubanmi var caespuomvi,see 
Barley, bobtail 

Hordetnn leporimnn, see Barley, mouse 
Hormay, A L, (111), 104, (221), 213, 
(377), 368, 372 

Hormones, relation to forage, 55-56 
Horsebnish (fig), 474, description of, 
476-477 
Horsetails, ]28 
Horses, 1 12-1 14 

' Huffman, W T (482), 460, 462 
J Hull, A C, (263), 249 
: Humphrey, R R, (302), 294, (377), 

I 362, 370 377, (420), 405, 406 
Hum, E, (38), 27 
Hutchins, S S, (420), 403. 405 
Hybridization, definition of, 258, re 
lation to reseeding, 258 
Hymenoxys, see Rubbertteed 
Hymenoxys odorata, see Rubberweed, 
bitttr 

Hyvienoxys nebardsomt var flonbunda, 
see Rubberweed, Colorado 
Hypersenvt perforatinn, see St Johns 
\tort 

India, cattle breeds in 20, Brahman 
cattle m, 20 

Indian lands history of, 539-540, regu- 
lations potemmg. 540-541 
Indian Scrucc, U S comparison twth 
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other public land agencies, (table), 

546 547 

Indicators, 75-74. of adtersc range 
trends J60, m Utah, ffig), 364 
Inflorescence, in grasses, 133, common 
forms of, (fig ), 195 
Ingcl, Hn (529), 522 
Ingram. D C. (456). 441, 442. 447 
Inland Empire, grazing m forests of, 
441-H2 

fnter-Agency Range Surse> Commit 
tec, (420), 399. 403 , 405 , 408 
Intcrmountain region, species for arti- 
ficial range reseeding, 239 241, seed 
mixtures for pastures in, 253 
Iodine, 322-323, areas showing de- 
ficiency of, (map), 322 
Irngauon, in pastures, 249-254, land 
suited for, 250, methods of, 250-251, 
suitable spcacs for, 251, in California, 
(fig). 251 

JacWman, E R„ (263), 229, 237. 239 
Jardinc, J T„ (330), 306, 307. 311, 
(357), 339. 341, 351. 352 
Jajnc. S A„ (273), 250, 255 
Jemcn, C, (397), 380, 388 
Johnson, R G, (59), 21 
Jolinson grass, see Grass, Johnson 
Joimfir, description of, 220 
Jomtfir, Nesada, (fig), 216. descrip- 
tion of, 220 

Jones. I) (263), 233, 234, 250 
Josephson, H R, (3(M), 287 
Joncoides see Rushes 
Juncoides pemflortmi, see Woodrash. 
millet 

Juncus, see Rushes 
juveus b.iltictis, set Rush, wire 
Junegrass, (fig), 144, dcscnptnm of, 
145 

Kaufman, C (456), 446, 447 
Kellogg, C r-, (90), 8S 
Kelsey, H P, <l9l), 142. 176 
Kelso. M M, (548), 545 
Key area concept for determining range 
utilization. 592 

Key species m determining range unJj 
zation, 59'’-595. examples of. 394-395 


Kids, 355-556 
Killciugh J R., (39). 25 
Klamath weed, see St Johnswort 
Knight, S iU (482), 463, 464, 468 
Koelerta, see Junegrass 
Koelena cristata, see Junegrass 
Kramer. }, (527). 517 

Lake States region, grazing in forests of, 
445 

Lambs, 350 

Landslide erosion. 512, (fig), 512 
Larkspur, (fig), 467, description of. 
468-469 

larkspur, coast, (Plate 2), opp 468 
Larkspur. Mcnzics, (Plate 2), opp 468, 
description of, 469 
Latcnzation of soils, 99 
l^thyrtis, see Pcavine 
I atbyrus feucamhns, see Peas me, aspen 
Latin, r. (265). 240. 241. 24) 

League of Nations, (13). 12 
Leases physiology of, (fig), 44-45, 
areas of growth, (fig ), 46, of grasses, 
133 

1-tgumcs. 196-200, (fig), 197, forbs, 
196-199, browse, 199-200, poisonous, 
466-568 

Lcguminosae, see Legumes 
Leicester, see Breeds, sbeep 
Lemon, P C, (302), 300, (357). 346 
life cycle of grasses, 133 
Life forms, G4-66, Raunkiacrs major 
plant classes, (fig ), 65 
Life rones, (fig ), 227, for reseeding. 
226, plants and animals m, (uble), 
228 

Ltxuataaii, see Celery, wild 
IJZMtieum filictman, see Cc!er>, fern- 
leaf. wild 

I incoln, see Breeds, sheep 
l.jp)ds in stock feed, J21 
1 istcr, P B., (302), 299 
Liscrvsons, 128 

I isestoclc, ratio to human population, 
35, relation to cfimatc, 36, m West 
Indies and Mexico, 112-114, expan- 
sion in Vorth America, (fig), 113, 
in U S, 114-JI5, range factors that 
gmem choice of, 305-309, range 
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preferences of, 305, selection of, b> 
beginning ranchers, 433, marketing 
of, 433, effect on erosion, 519-520 
Livestock husbandrj, range-cattle, 331- 
348, range sheep, 348-353, range-goat, 
352-356 

Livestock industr>, history of, 115-117 
Loco, blue, description of, 466 
Loco, description of, 466-468, (fig), 
467 

Loco, purple, description of, 466, (fig ), 
467 

Loco, white, description of, 466, (fig), 
467 

Loco, woolly, see Loco, purple 
Loco, woolly-leaved, 466, (Plate 1), 
opp 466 

Lommasson, T, (397), 380, 388 
Lotus, see Vetch, deer 
Lotus (nuerieana, see Clover, Spanish I 
Love, R M, (263), 233, 234 I 

Lovegrass, Lehmann, (fig), 244 
Loveroot, see Celcr>, wild 
Luekel, W A, (60), 49 
Lupine, description of, 198, poisonous 
character of, 469 

Lupine, grassland, (Plate 2), opp 468, 
description of, 469 

Lupine, mountain, (fig), 197, descrip 
uon of, 198 
Lupmiis, see Lupine 
Luptnus alpestris, see Lupine, mountain 
Lupinus laxtflorus, see Lupine, grassland 
Lush, R H, (60), 52 
Lutz, H J, (456), 445, 446 
Lycunis phleotdes, see Wolftail 
L>nx, 496-497, (fig), 497 

Mahogany, mountain, see Mountain- 
mahogany 

Mahogany, mountain, true, see Moun- 
tain-mahogany , true 
Malmsten, H E, (61), 48, (192), 150. 
153, 184, (398), 380. 381, 384, (483), 
460, Plate 1, opp 466. Plate 2, opp 
468, 469, 472, 475, 477 
Mammals, see Big game. Wildlife 
Mannignss 166-167 
Mannagrass, fowl, (fig), 164, dcstnp- 
tion of, 167 


Afapping, 406-410, systems of, 408-410, 
gndiron, 408, topographic contour, 
408-409, plane table, 409, aerial base, 
409, (map), 412, aerial photographic, 
409, special features of, 410 
Marsh, C D, (482), 462, 464, 466, 468. 

469, 470, 471, 473, 475, 477 
Marsh, H, (482). 462, 468, 469, 471 
McGirty, E C, (60), 47, 49, 50 
McChne, P P, (506), 498, 500 
jMcCorkle, J S. (263), 245 
McFall, R J, (13), 10 
McGinnies, W G, (90), 73, 74, (263), 
240, 241, 243 

McIIvam. E H, (275), 274 
Measurement (quantitative) approach 
m range use, 387-392, methods of, 
387-392, by weight, 387, by height. 
387-392, (fig), 389, by stem count, 
392 

Meat, imports and exports, 10, export- 
ing countries, 10, importing countries, 
10, tons, (fig), 11, as food, 11, per 
capita consumpaon, 12 
Medicago, see Bur clover, California 
Melic, bulbous, (fig), 160, description 
of, 162 

Melic, California, (fig), 160, descrip- 
tion of, 162 
Afelica, see Mehegrasses 
Mehca bulbosa, see Melic, bulbous 
Mehca imperfecta, see Alebc, California 
Mehegrasses, (fig ), 160, description of, 
162 

Merino (American), see Breeds, sheep 
Merino (Spanish), see Breeds, sheep 
Mertensia ciUata, see Bluebell, moun- 
tain 

Mesquite {Vrosopts), (fig), 197, de- 
scription of, 1S>9, in Southwest, 294- 
297, value of, 294, (fig), 295, con- 
trol of, 294-296 

Mesquite, curly (fig), 169, description 
of, 172-173 

Mesquite tribe, set Tribes, nicsquitc 
Mesquites {Htlana), description of 
172 

Mexico, livestock m, 112-lH 
Mice. 492, (fig). 491 
Milkweed, description of, 473 
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Mlinveed, hors“tail descnpnon of 
4"j 

\Iiil.«eed, Mexican \ horfed, (Plate I), 
opp V/) descnpnon of, •^75 
Mnt\\eed, viooII> pod, (Plate 1), opp 
■fy, descnpnon of, 4'*3 
Miller, M R, (4S1), 4<53, 477 
Miller, R F, (330), 3’4 
Millec tnbe, tee Tnbes, niIJ~t 
\Umoi3, see Mimosa 
Miirosa, descnpnon of, ’00 
Minerals in srock feed, 321-324 
Moats, J £, (377), 3d2 
Molohon, A (548). 536 
Monocot>ledon$, 129 
Montane Andean region. South 
Amcnca, forage plants in, 30 
Mosses, P8 
Mounum lion, 496 

Mountajn'mahogan>, descnpDOQ of, 211 
Vlountain Tnahoein> , true, descnpnon 
of. 211, (fig), 212 
Mo>er, T, (39). 21 
Mnenschcr, M C, (433), 46’, 470 
\fullenbergi3, fee ^(uhI> grasses 
\tuklenbergu raeemosj, fee Muhl>, 
manh 

Muhlenbergu perrten, tee MohJ), bush 
Unt/eni'frgu vngkiii, fee MuW>, 
spike 

MuhJ>, bush, descnpnon of, 176-177 
MuhJ}, marsh, (fig), 175, description 
of. 176 

Muhl>, spike, (fig), 175 description 
of, l~6 

Mahlsgrasscs, (fig), 175, desenpoon 
of. r6-l77 

Mufeh, 36'-J69, defininnn of, 367 
t)^^ of 368, m California, (table). 
369 

Mules cars. (Bg), 20S, descnpnon of 
206 

Manger, T (4i6), 442 
MuntmiTTass. descnpnon of 159, (fig ), 
160 

National forests, admmstranon of grar 
ing bids on, 529-536. grazing rtgub 
nom on, 532-536 
Nanonal parks, 123 


Needle and-ihread, (fig ), 178, desenp- 
non of, 179 

Needlegrass, Cshfomia, seasonal gronth 
of, (fig ), 51 

Needlegrass, descnpnon of, 177-179, 
ihe), 178 

Needlegrass, green, descnpnon of, 177- 
179, (fiff). 178 
Nelson, E. M ^ (397). 384 
Nelson, N (60), 49 
Nesbitt, L. L-, (60), 32 
New Zealand, sheep breeds in, 27, 
caede breeds tn, 27 
Nitrgcrhead, (fig), 203, descnpnon of, 
206 

North \mcnc3, range bnds of, 30-35, 
sheep m, (fig), 31, cattle m, (fig), 
31, animal pests in, 32-33, Inestock 
in, (fig), 113 

Northeast, species for pasture seeding 
in. 254-253, grazing m forests of, 445 
Northwest, species for artificial ranee 
reseeding in, 237-238 seed mixtures 
for pastures m, 252, grazing m forests 
of, 441-442 

Noxious plants, tee Poisonous pbnts 
Notnnee values of forage pbnts, 52-54 
Njgarit I J, (330). 323 

Oak. 21&-219 

Oak, Gambe), (fig), 216, descnpnon 
of. 218-219 

I Oat, slender w3d, description of, 143 
Oat, wild, description of, 143, (fig), 
144 

Oat tribe see Tnbes, oat 
Oaigrass. (iliforrua, (fig), 144,desciip- 
oon of, 146 

Oaigrass. descnpnon of, 146 
Oargrass. timber, descnpnon of 146 
Oau, 142 143, desenpoon of, 142 
Ocobr (qualiuore) approach in range 
use, 385-386, methods of, 385-3S6 
Oib in stock feed, 321 
Onagr acea e, see Pnmroie. eienmg 
Oosnng H (90), 63. 75 
Opftmu, tee Cacnis 
Organic matter, in stock feed. 320; on 
grasslands. 368 

Onginal forage appraisal method, 403 



INDDC 


56S 


Range condition rating methods, 369- 
375, quantitau\e clinn\ approach, 
369-370, palatability rating, 372, 
range porenual, 372-374, scorecard, 
374, three-step, 374-375 
Range condition survey, 405-406, ex- 
ample of, (map), 407 
Range factors gov cming choice of 
stoch, 305-309 

Range forage, products of, 8-10 
Range indicators, see Indicators 
Range inventory, see Range survey 
Range lands, in U S , 4, regions, 4, 
Furopc, 15-18, Tehann County^ 
California, (fig), 14, Asia, 18-22, 
Africa, 22-24, Southwest Pacific, 24- 
27, South America, 28-30, North 
Amenca, 30-35, successional trends, 
71-72, physical and vegetal charac- 
teristics in U S, 92-106, control of 
low value vegetation on, 276-301, 
common use, 306-307, decline of, m 
western U S, 361-362, classification 
of, 422, appraisal of, 430-431 
Range management, definition of, 4, 
coverage, 5, design, a schemauc 
“wheel’ of, (fig), 6, fields allied to, 
5-7, general principles of, 305-528, in 
erosion control, 525-526 
Range minacemcnt plaas, see Grawng 
plan 

Range products, relation to range man- 
wtement, 10 

Range suney, 399-41 J, ohfcczne of, 
399, forage types classified for, 399- 
401, (nblc), 40(M01. (fig), 402, 
methods of, 401-406, mapping and 
note taking, 406-410, cost of, 409-410, 
computing data for, 411-412, sample 
problem on, 415-416 
Range trend, 359-376, definition of, 360 
Range use, ree Range utilization 
Range-use standards, carl> work on. 
^79-350, clippinc experiments leading 
to, 381, and pasture studies, 38J, 
vanations in, 381-382, for grass and 
forb ranges, 382-383, for brow« 
ranges. 383-384 

Range unlirition, 379-395, definition of, 
379, standards of, 379-385, determina- 


tion of, 385-392, key areas, 392, ke> 
species, 392-393, seajonal adjustments, 
393-394 

Rasmussen, D I, (507), 489, SOI 
Rat, kangaroo, 492, (fig ), 491 
Ratdeweed, see Loco, whire 
Reconnaissance survey, 401-403 
Recreation, effect of fires on areas for, 
282-283 

Redtop, description of, 173-174 
Redtop, spike, description of, 174, 
(fig), 175 

Reed. H R, (304), 283, 299 
Reedgmsses, description of, 174-176 
Re/oresranon, see Timber reproduction 
Regan, M M, (455), 410 
Reid, A H , (420), 403, 409 
Rcid, E H, (377), 362, 363, 370 
Renner, F G, (377), 361, 363, 368, 
(598), 379, (528), 515 
Rescue grass, see Grass, rescue 
Reseeding, arnficial, 225-258, definition 
of, 225, early experiments in, 225-226, 
and life zones m western U S, 226, 
(fig), 227, (table), 228, season for, 
229, depth of planting, 229-230, 
selecting species for, 226-229, m U S, 
by regions, 232-248, (fig), 233, eco- 
nomic aspects of, 248-249, cost of, 
249, list of species for, 258-261 
Reseeding, natural, 265-274, definition 
of, 265, general considerations, 265- 
267, assisted bj cultiv -ition, 274 
Resene foods 43-Sl 
Reserve substances, 48-51 
Reservoirs, 317-318 
Rcsinoids, 462 

Reynolds, H G, (222), 214, (263), 
240, 241, 243, (505), (506), (507), 
482, 487, 500 

Rhammccac, see Buckthorn 
Rhoad, A (39>. 36, 37 
Rhodes, R R„ (356). 346 
Rhodes gnss, see Grass, Rhodes 
Rilics see Currant 

Ricegnss, description of, 180-182, 
(fig). 181 

Ricograss, Indnn, description of, 180- 
182, (fig), ISl 
Riegcl, A., (302). 298 
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Rippit (fig) 16i, dcscnption of 165 I 
Robinson C S, <507), 4S7 
Rock> Mountain region grazing m 
forests of 441-442 1 

Rodents, effect on ranges, 4S9-49}, j 
beneficial 4S9, control of, 492-495, i 
effect on erosion 520 
Roc, G (453), 477 
Rogler, G A , (275), 273 
Roninc) Marsli, see Breeds, sJjcep 
Roots and root s) stems, 41-42, (fig), 
42 

R<7«, see Roses 

Row fenjlert, see Rtisc, Fendlcr 
Rosaccae, jee Rose 
Rose, 211-214, (fig), 212 
Rose, cliff, (fig), 212, description of, 
213 

Rose, Fendlcr, descripnon of. 211-215. 
(fig), 212 

Roses, description of, 211-213 
Rosr, C 0„ (301), 27«, 279 
Rouoon-grazing system. 272-273 
Rough, on praincs, 297-299, control of 


see \\ dins' s 

Salr, fcJjtion to indirect control of 
catric. 340-342. (fig), 342, relation 
to sheep 352-353, relation to goats. 
355 

Saltbush, description of, 210 
Saltbush, four" mg, (fig ), 208, desenp- 
tinn of, 210 
Saltgrass. 166 

Salfgrass, desert, (fig ). 164, description 
of, 165 

Salrgrass, seashore, description of. 166 
I Sjff/ht/cus, see IJderberry 
Sjtnbueus ciervlea, see Cldcrl>crr> , blue 
Sampling, problems B4, objccti'cs, 84 
Sampson. A >\ (39), 33, (61). 48. 52, 
53. 55. (90). 73, (141), 131. (192). 
142. 150, 153, 184. (222), 214, (275). 
265, 268. 272. (303), 278, 2W. 287, 
288 289, (329), 319, (378). 360. 361, 
362, 363, 368. (398). 380, 381, 384. 
(420). 416. (456), 439. 442. 453, (483), 
460. Plate 1. opp 466 Plate 2, opp 
468. 469. 472, 475, 477. (507), 487, 
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Sedge, threadleaf, desenpuon of, 188, 

(fig), 189 

Seed, 47-48, suitabdity for reseeding, 
226-230, for U S , 232-246, for Pa 
cific Coast, 232-239, for California 
mountains, (table), 235, for cutoter 
North Coastal area, (table), 236, for 
noncutoter North Coastal area, 
(table), 237, for Northwest, 237-239, 
for Great Basin and Intermountain 
region, 239 240, (table), 240-241, for 
Southwest, 240-243, (table), 243-245, 
for Great Plains, 243-249, (table), 
246-247, for East Central and North- 
east, 254-255, (table), 254, for South 
cast, 256, (table), 256, mixtures for 
pastures in the West, 252, (table). 


examples of, (fig ), 451, list of species 
for, 452-153, replacement of, 453, on 
cleared land, 454 

Shepherd, VV O, (301), 299, (357), 
344, 345, 346, (456), 446, 447 
Short, L R, (264), 230, 247 
Shorthorn, see Breeds, cattle 
Shropshire, sec Breeds, sheep 
Shrubs, see Browse 
Shultis A, (435), 426, 431, 432 
Sihiculmre, relation to range iiianase- 
nicntf 7 

Sitamon, see Sqiiirrcltail 
Snamon b}stm, see Sqiiirrcltail 
Site, suitabihtl for reseeding, 226 
Sleep>grass, (fig), 178, description of, 

179 



